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OBJECTIVES  AND  APPROACH 


The  objective  of  this  program  is  to  develop  a complete  computer 
model  for  use  in  the  preliminary  design  of  large  caliber  projectiles. 
This  model,  called  IPSSM  (Integrated  Projectile  Systems  Synthesis 
Model),  is  a set  of  computer  program  modules  and  subroutines  integrated 
in  such  a manner  as  to  provide  a realistic,  interactive,  computational 
tool  for  engineers  and  designers  engaged  in  the  development  of  pre- 
liminary design  information  for  projectiles.  The  model  described  in 
this  report  includes  the  capability  of  performing  extensive  calcula- 
tions necessary  to  formulate  projectile  designs.  Computations  include 
interior  and  exterior  ballistics,  static  shell  property  calculations, 
aerodynamic  properties  generation,  lethal  area  effectiveness,  6-D 
trajectory  calculations,  recoil  mechanism  design,  and  sabot  design. 

The  general  approach  in  the  complete  development  of  the  model 
calls  for  the  selection  and  modification  of  existing  computer  programs 
to  accomplish  specific  calculations  as  well  as  the  identification  of 
programming  tasks  required  to  complete  the  model.  The  essential 
ingredient  of  IPSSM  is  its  common  data  base  and  a well  coordinated 
and  integrated  set  of  computer  programs  which  are  not  only  extracting 
information  from  previously  run  programs  within  the  system  but  are 
also  generating  specific  data  for  subsequent  use  by  other  programs. 
These  programs  will  either  continue  or  modify  the  design  process  or 
be  used  for  optimization.  They  are  modular  in  nature  so  as  to  facili- 
tate future  improvements  or  replacements  of  the  design  programs. 
Over-all  control  of  the  model  is  accomplished  by  the  user  through  the 
executive  program. 

The  objective  of  this  report  is  to  provide  an  initial  user’s 
manual  for  the  IPSSM  System  currently  available.  Additional  features, 
updates,  and  modifications  will  be  accomplished  as  use  is  made  of 
this  initial  version  of  IPSSM. 


BACKGROUND 

In  May  1970,  DARCOM  (AMC)  initiated  a feasibility  study  directed 
toward  weapon  system  computer  modeling  which  would  provide  preliminary 
design  parameters  for  tactical  missile  weapon  system  concepts.  After 
DARCOM  (AMC)  had  presented  the  concept  and  preliminary  comments  of 
subordinate  commands  to  the  CAD-E  Council  in  October  1970,  the  IWSSM 
(Integrated  Weapon  System  Synthesis  Model)  Ad  Hoc  Working  Group  of 
the  Council  was  established  to  study  the  concept  In  more  detail. 

After  a six-month  effort,  the  working  group  concluded  that  such  a 
system  was  both  feasible  and  desirable,  but  initially  it  should  be 
limited  to  the  construction  of  a number  of  computer  models,  each 
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addressing  a particular  military  commodity.  It  was  considered  too 
large  an  undertaking  to  develop  one  model  that  would  handle  all 
commodity  designs  such  as  guns,  projectiles,  missiles,  aircraft, 
vehicles,  etc. 

The  recommendation  of  the  IWSSM  Working  Group  was  that  each 
command  submit  a Program  Data  Sheet  outlining  a proposed  activity 
directed  toward  a specific  commodity.  The  Integrated  Projectile 
System  Synthesis  Model  (IPSSM)  Program  was  established  at  Picatinny 
Arsenal  to  address  the  preliminary  design  of  large  caliber  projectiles 
such  as  artillery  and  mortar  rounds. 

The  Picatinny  IPSSM  program  was  funded  as  a CAD-E  task  on  1 April 
1972.  A substantial  initial  effort  was  directed  toward  a survey  of 
existing  computer  programs  in  use  at  Picatinny  and  other  government 
agencies  which  would  be  suitable  for  incorporation  into  the  IPSSM 
System.  Major  areas  of  design  interest  were  identified  by  system 
engineers, and  computer  programs  within  each  area  were  identified. 

The  proqrams  were  examined  for  (1)  adequate  documentation  and  technical 
adaptibility  within  the  design  area,  and  (2)  adaptibility  of  input  and 
output  data  formats  that  would  be  consistent  with  the  over-all  re- 
quirements of  the  executive  program. 

Existing  computer  programs  to  determine  static  and  aerodynamic 
shell  properties,  perform  interior  and  exterior  ballistics  calculations, 
compute  lethal  areas,  do  6-D  trajectory  calculations,  and  design  recoil 
mechanisms  and  sabots  were  selected.  Source  listings  were  obtained 
and  put  into  update  format,  and  proper  operation  was  verified  with 
test  cases.  Each  of  the  nine  codes  (Weight,  Spinner,  Aerol , Interior 
Ballistics,  Lethal  Area,  6-D  Trajectory,  Recoil  Mechanism,  Sabot 
Design  and  Heppner-Interior  Ballistics)  has  been  made  operational 
under  both  the  interactive  teletype  (TTY)  and  batch  mode  to  facilitate 
entry  and  exit  from  the  executive  program.  Major  effort  was  devoted 
to  the  design  and  checkout  of  the  preliminary  IPSSM  executive  program. 
The  system  has  been  used  on  a trial  basis  and  is  now  ready  for  general 
use  to  determine  its  adequacy  as  a design  tool. 

Several  user  sessions  have  been  conducted  to  acquaint  engineers 
and  scientists  involved  in  projectile  design  and  evaluation  with 
the  operation  of  the  current  IPSSM  system.  These  sessions  will 
continue  as  more  personnel  become  involved.  As  a result  of  these 
initial  meetings,  several  important  modifications  were  made  to  improve 
the  operational  capabilities  of  the  system.  For  example,  an  optional 
abbreviated  input  format  can  now  be  utilized  to  quicken  system  response 
in  the  TTY  mode.  Testing  of  user  responses  in  the  TTY  interactive 
mode  has  also  been  incorporated  to  avoid  program  abort  as  a result  of 
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trivial  user  typing  errors.  In  addition,  an  independent  computer 
program  (IPSDATA)  has  been  written  to  simplify  the  establishment  of 
initial  data  base  files.  Output  from  this  program  provides  the  basis 
for  accurate  checking  of  input  data  files. 

PRESENT  STATUS 

The  present  IPSSM  System  can  execute  nine  applications  programs 
from  either  batch  or  teletype  (TTY)  mode.  These  programs  perform 
the  following  computations:  (1)  Static  Properties  Calculations,  (2) 

Generation  of  Aerodynamic  Coefficients,  (3)  Interior  Ballistics,  (4) 
Exterior  Ballistics,  (5)  Lethal  Area  Computations,  (6)  6-D  Trajectory 
Calculations,  (7)  Recoil  Mechanism  Design,  (8)  Sabot  Design,  and  (9) 
Heppner-Interior  Ballistics. 

In  TTY  mode,  the  executive  program  contains  options  for  examining 
and  modifying  common  data  base  information.  In  both  modes  the  program 
allows  the  user  to  modify  the  data  base  variables,  to  store  the  modi- 
fied data  base  in  a new  permanent  file  if  desired,  and  to  run  linked 
cases  of  selected  variables  to  facil itate  the  execution  of  parametric 
analyses.  Special  abbreviated  output  can  be  generated  and  stored 
automatically  for  later  examination  at  the  TTY.  Options  also  exist 
for  directing  entire  input/output  for  each  set  of  application  runs 
to  the  user's  batch  terminal  or  to  the  central  site.  The  system  is 
also  capable  of  generating  input  data  in  the  format  required  for 
running  the  graphics  projectile  measurement  program  (PROMS)  (Refer- 
ence 2).  Output  from  PROMS  can  then  be  entered  into  the  common  data 
base  for  subsequent  computations  within  the  IPSSM  System.  Figure  1 
illustrates  the  executive  module  operation  in  the  batch  or  TTY  mode. 
Figure  2 shows  the  input-output  interface  scheme  utilized  within 
IPSSM.  Although  this  chart  shows  the  technique  for  the  exterior 
ballistic  interface,  the  same  system  has  been  applied  for  all  appli- 
cation programs.  Figure  3 shows  the  latest  flow  diagram  for  IPSSM. 

The  small  boxes  between  the  applications  programs  represent  the 
input-output  interfaces  controlled  by  the  executive  program.  Data 
analysis  and  optimization  will  be  incorporated  to  a much  greater 
extent  as  directed  by  future  user  requirements. 

Options  have  also  been  installed  to  allow  either  the  current 
data  base  to  be  automatically  updated  with  the  results  of  the  current 
program  or  to  have  a separate  and  distinct  new  data  base  created  with 
the  same  generated  results. 
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USER  INSTRUCTIONS 


A.  Data  Preparation 

1.  General 

In  order  to  execute  the  IPSSM  Program,  a data  base  containing  the 
generic  characteristics  of  the  projectile  to  be  analyzed  must  be 
available.  This  is  established  initially  through  the  use  of  a program 
called  IPSDATA  (Cycle  5).  Subsequent  to  this,  data  may  be  added, 
deleted,  or  changed  either  by  rerunning  IPSDATA  with  the  modified 
data  base  cards  or  by  using  IPSSM's  executive  program,  which  is  called 
IPSM  (Cycle  5).  The  latter  option  may  be  accomplished  through  either 
the  batch  or  the  teletype  (TTY)  mode. 

2.  Data  Base  Generation  Using  IPSDATA 

The  program  called  IPSDATA  was  written  for  easy  cataloging  and 
checking  of  an  entire  data  base.  Use  of  the  following  deck  of  cards 
will  result  in  your  data  base  being  entered  on  whichever  permanent 
file  you  specify: 

( JOB CARD ),CM7 5000. 

(COMMENT  CARD) 

ATTACH , I PSM , I PSD , CY=5 , 1 D=NI CHOLS ,MR= 1 

IPSM. 

(7/8/9  CARD) 

(DATA  BASE  CARDS) 

(6/7/  8^9  CARD) 

The  first  data  base  card  contains  the  title  to  be  associated  with 
your  data  base.  The  second  card  contains  the  cycle  number  followed 
by  a comma  and  the  permanent  file  name  (up  to  10  alpha-numerics)  In 
which  you  wish  your  data  base  to  be  stored.  These  two  cards  are 
followed  by  the  key  variable  data  cards.  Each  such  card  Is  identified 
by  Its  three-letter  symbol  In  the  first  three  columns.  The  fourth 
column  is  blank.  The  value  of  the  variable  is  then  entered  in  free 
floating  point  format  (cannot  be  Integer)  on  the  card  anywhere  In  the 
next  ten  columns.  Following  the  last  key  variable  data  card  is  a 
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card  with  the  word  "END"  punched  in  the  first  three  columns  (see 
Sample  Input  for  Initial  Data  Base  Generation). 


The  key  variable  data  are  followed  by  the  table  entries  required 
to  execute  the  AERO  1 (AR),  WEIGHT  (WT),  and  LETHAL  AREA  (LA)  Programs. 
Format  for  entering  these  tables  is  described  in  the  discussions  of 
programs  in  " Application  Programs  and  Descriptions". 

"Sample  Input  for  Initial  Data  Base  Generation"  contains  an  ex- 
ample of  a set  of  data  base  cards  for  the  M106  8-inch  Projectile 
which  permits  execution  of  the  first  five  programs  listed  on  page  3. 
Other  data  sets  were  generated  in  a similar  manner  to  execute  the 
remaining  programs  currently  in  operation  within  IPSSM.  These 
sample  data  can  be  used  to  test  the  operation  of  each  application 
program  within  IPSSM.  (See  "Sample  Test  Cases  and  Setup"  for 
typical  batch  and  TTY  runs).  These  files  will  remain  in  the 
system  as  a permanent  file  for  users  to  become  familiar  with  the 
IPSSM  System. 


When  establishing  an  initial  data  base.  It  should  be  noted  that 
IPSDATA  will  store  the  data  base  in  the  requested  cycle  under  a 
permanent  file  name  of  the  form  PFNXX,  where  PFN  is  the  particular 
permanent  file  name  you  have  selected,  and  XX  is  the  symbol  for  the 
particular  application  program  being  run  (AR,  WT,  LA,  etc.).  IPSDATA 
attaches  these  last  two  letters  automatically  by  determining  what 
data  are  being  catalogued  in  that  particular  run.  For  example,  if 
for  an  Initial  run  of  IPSDATA,  the  user  includes  data  for  the  AR  and 
LA  programs  and  specifies  that  he  wishes  the  data  base  stored  in 
JOHN,  cy=5,  IPSDATA  will  automatically  create  two  data  bases:  JOHNAR, 
cy=5  will  contain  the  data  needed  to  run  the  AR  program  and  JOHNLA, 
cy=5  will  contain  the  data  needed  to  run  the  LA  program.  NOTE: 

This  automatic  appending  of  the  two-letter  program  symbol  7s  only 
done  when  running  through  IPSDATA;  any  subsequent  modification  of  data 
bases  using  the  executive  program  IPSH  will  recatalog  the  modified  data 
base  exactly  as  specified  at  the  time  of  modification. 

3.  Multiple  Value  Option  for  Running  Parametric  Studies 

As  part  of  the  general  data  base  setup  within  IPSSM,  a provision 
exists  for  entering  up  to  six  values  for  each  key  variable.  Such  an 
option  can  be  useful  In  preparing  combinations  of  runs  where  key 
variables  take  on  different  values  and.  In  addition,  may  require  the 
simultaneous  change  of  other  key  variables.  The  technique  for  entering 
such  data  Is  described  In  subsequent  paragraphs.  The  symbols,  P,  L, 
and  N will  aid  In  this  description.  These  symbols  can  be  associated 
with  the  words  "permutation",  "link",  and  "number",  respectively. 
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This  system  is  not  unique  to  IPSSM.  It  has  been  used  quite  success- 
fully in  several  other  programs  written  at  Picatinny  Arsenal. 

To  begin  with,  each  key  variable  has  a P,  L and  N number  (all 
integers)  associated  with  it.  N simply  denotes  the  number  of  different 
values  currently  available  for  the  given  key  variable.  The  P and  L 
values  are  used  to  set  up  run  combinations.  The  value  of  L determines 
whether  or  not  the  given  key  variable  is  "linked"  with  any  other  key 
variable.  That  is,  in  a combination  of  runs,  if  the  L value  for  two 
or  more  key  variables  is  the  same,  each  of  these  variables  will  change 
their  values  simultaneously  on  each  successive  run.  Finally,  the  P 
value  determines  the  variable  to  be  changed  on  each  run  and  the 
number  of  runs  to  be  made.  For  those  variables  which  are  linked 
through  the  L value,  only  one  of  these  variables  can  have  a nonzero 
P value.  This  is  evident  since  when  one  linked  variable  changes  its 
value,  all  other  variables  linked  to  it  will  also  change.  By  assigning 
different  L values,  it  is  clear  that  sets  of  linked  variables  can  be 
identified.  Since  L is  currently  restricted  to  the  integers  1 through 
9,  nine  sets  of  linked  variables  can  be  defined,  if  necessary.  It 
should  be  stressed  that  only  one  variable  within  each  set  can  have  a 
nonzero  P value. 

As  an  example,  suppose  three  key  variables  AXX,  BXX,  and  CXX  were 
to  be  varied  in  a combination  of  runs.  Let  AXX  have  two  values  and 
be  independent  of  BXX  and  CXX.  Let  BXX  and  CXX  have  three  values 
each  and  suppose  they  are  linked.  Then,  to  run  all  combinations 
under  these  assumptions  AXX,  BXX  and  CXX  would  have  the  following 
P,  L and  N numbers: 

P L N 

AXX  2 02 

BXX  3 13 

CXX  0 13 

NOTE:  Variable  BXX  in  this  case  is  used  as  the  "permuted" 

variable. 

4.  Format  and  Use  of  P,  L and  N Numbers 

At  this  point  the  meaning  of  the  P,  L and  N numbers  (abbreviated 
PLN  numbers)  should  be  clear.  This  paragraph  describes  how  data  are 
entered  and  modified  within  the  data  base  when  PLN  numbers  are  In- 
volved. In  paragraph  2 preceding,  the  entering  of  only  single  values 
for  each  key  variable  was  described.  In  this  case,  the  IPSDATA 
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program  automatically  associates  a PLN  of  101  to  each  entry.  If  a 
PLN  number  other  than  101  is  used,  then  a comma  is  entered  in  column 
four  (rather  than  a blank)  and  the  PLN  number  is  entered  in  columns 
5,  6 and  7.  The  N values  (up  to  6)  are  then  entered  in  the  remaining 
columns  of  the  card  in  free  floating  point  format  separated  by  commas. 
No  blanks  are  permitted  following  the  first  data  entry. 

Modifications  of  an  existing  data  base  to  include  PLN  values 
other  than  101  are  described  In  the  instructions  for  running  the 
executive  program  in  Batch  or  TTY  mode.  (See  parts  B and  C of  this 
sectioa) 

5.  Data  Base  Modification  Using  the  Executive  Program 

In  order  to  modify  an  existing  data  base  using  the  executive 
program  (IPSH)  (as  opposed  to  creating  an  entirely  new  data  base  file 
using  IPSDATA),  the  initial  data  base  must  first  be  available  as  a 
permanent  file.  The  procedure  using  the  teletype  is  explained  in 
Part  B of  this  Section  titled  "Instructions  for  Teletype  Mode"  under 
question  10.  This  question,  namely,  "MODIFY  DATA  BASE,  YES  OR  NO  *" 

| is  answered  "YES".  This  invokes  questions  11  and  12  which  allow  the 

t user  to  enter  data  for  key  variables,  even  if  no  values  currently 

exist  for  that  variable.  In  this  way  data  can  be  entered  for  a number 
of  variables.  Where  limited  data  entries  are  required,  for  example, 
in  executing  the  Interior  Ballistics  Program  or  the  Aerodynamic 
Coefficient  Program, this  method  would  be  preferable.  For  entering 
data  via  the  Batch  mode,  the  user  should  refer  to  part  C of  this 
section. 

B.  Instructions  for  TTY  Mode 

1.  General 

The  following  pages  indicate  the  instructions  used  to  execute 
the  executive  program  (IPSH)  in  the  TTY  mode.  This  mode  is  conver- 
sational and  requires  limited  response  to  perform  many  useful  op- 
erations. It  is  required  for  users  who  do  not  have  access  to  a Batch 
1 Terminal,  and  Is  particularly  useful  in  conjunction  with  a portable 

teletype.  The  system  allows  the  user  to  access  any  program  within 
the  IPSSM  System.  Where  extensive  production  runs  are  required.  It 
Is  recommended  that  the  Batch  Mode  be  used.  However,  certain  options 
for  some  programs  are  currently  available  only  In  the  TTY  mode. 

The  first  Instruction  required  to  enter  the  INTERCOM  System  (see 
Reference  7,  page  3-2 ) from  the  teletype  is  "LOGIN".  The  system 
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responds  with  "ENTER  USER  NAME"  to  which  you  type  XXXXYYYZZZ  where 
XXXX  is  a four  letter  user  code  assigned  by  the  MISD. 

YYY  = Cost  Center  Code  (See  Reference  8,  page  4-8  ) 

111  - Charge  Code  (See  Reference  8,  page  4-5a) 

The  system  responds  with  "ENTER  PASSWORD"  to  which  you  respond  with 
the  Picatinny  Arsenal  Code  (Consult  MISD). 

The  system  then  types  some  accounting  information  followed  by 
the  word  "COMMAND:.  From  this  point  on,  see  the  following  table 
for  specific  IPSSM  TTY  instructions. 

2.  Explanation  of  "INPUT/OUTPUT  OPTION  LIST**  (see  question  23, 
page  18  ). 


a.  Teletype  Options 

The  first  two  digits  control  the  teletype  function. 

Put  a "1"  in  the  second  place  if  you  wish  to  come  back  to 
the  teletype  for  the  results  of  your  run  when  it  has  finished.  You 
will  be  asked  to  supply  a permanent  file  name  on  which  the  results 
will  be  stored  for  eventual  teletype  display.  In  most  cases,  the 
results  stored  for  teletype  retrieval  will  be  an  abbreviated  version 
of  the  complete  results. 

If,  in  addition  to  these  abbreviated  results,  you  would 
like  the  values  of  specific  variables  to  be  printed  out,  include  a 
"1"  in  the  first  place.  You  will  then  be  asked  to  Identify  these 
variables  (up  to  6). 

b.  Data  Base  Transfer  Option 

The  third  and  fourth  digits  are  used  to  replace  particular 
data  base  values  with  new  values  obtained  during  your  current 
execution  of  an  application  program. 

This  option  can  currently  be  used  in  two  modes:  when 
running  the  SP  program,  part  of  the  SP  output  contains  variables  that 
are  required  In  the  AR  input.  Likewise,  portions  of  the  WT  output  are 
variables  that  are  used  as  SP  Input.  Thus,  either  an  AR  or  SP  data 
base  can  be  automatically  updated  with  this  option  when  running  either 
the  SP  or  WT  programs,  respectively. 
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answer  YES,  you  will  be  asked  to  name 
a permanent  file  to  store  data  to  be 
used  at  the  graphics  terminal 


question  explanation  response  example 
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lyjSIIQN  EXPLANATION  RESPONSE  EXAMPLE 
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IESTION  EXPLANATION  RESPONSE  EXAMPLE 
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18.  CHG  ITEMS  YES  OR  NO  = This  question  will  be  asked  if  you 

have  indicated  that  you  are  running 
the  WT  program.  A response  of  NO 
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22.  MOD  DATA  STORED:  (No  Response) 

CY  = 3,  PF  = TEST 


QUESTION  EXPLANATION  RESPONSE  EXAMPLE 
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the  name  of  IPSM. 


A "0"  in  the  third  position  together  with  a "1"  in  the 
fourth  position  indicates  an  automatic  replacement  of  old  values  with 
current  ones  in  the  AR  or  SP  data  base  specified.  If  a "1"  is  entered 
in  both  the  third  and  fourth  positions,  the  system  will  take  the 
current  output  values  and  update  the  old  data  base  specified  into  a new 
data  base  defined  by  the  user,  and,  in  addition,  will  allow  the  user 
to  enter  a title  for  his  new  data  base.  In  this  instance,  the  old  AR 
or  SP  data  base  will  remain  intact  with  its  original  values. 

A "0"  in  both  the  third  and  fourth  positions  indicates  that 
no  data  transfers  will  be  made. 

c.  Batch  Terminal  Option 

The  fifth  and  sixth  digits  control  printing  on  remote 

terminals. 


A "1"  in  the  sixth  position  will  provide  a complete  set  of 
results  at  the  remote  terminal. 

A "1"  in  the  fifth  position  will  cause  the  input  data  sets 
(as  modified  for  the  present  run)  to  be  printed  out  at  the  remote 
terminal  site  also.  This  will  facilitate  future  identification  of  the 
computer  run  with  the  input  data  base  that  generated  it. 

d.  Central  Site  Option 

The  seventh  and  eighth  digits  control  the  disposition  of 
output  to  the  central  site. 

A "1"  in  the  eighth  position  disposes  the  results  at  the 
central  site. 

A "1"  in  the  seventh  position  also  copies  the  input  data 
sets  to  the  central  site. 

3.  IPSSM  Short  TTY  Inputs 

For  users  who  have  become  familiar  with  the  TTY  mode, 
input  can  be  entered  more  quickly  as  shown  below: 

a.  If  the  run  is  going  to  be  a new  one,  questions  1,  2,  3, 

4 of  paragraph  2 may  be  answered  at  once  in  the  foil  owing,  manner: 


Question  1.  THIS  IS  IPSSM 


MODE:  TTY  OR  BATCH  = 


TTY ,AR5 ,5 ,XM58 

If  one  of  the  answers  is  not  accepted 
by  the  program,  an  error  message  will 
be  printed  and  the  program  will  ask 
you  to  correct  the  information. 

b.  Questions  22  and  23  may  always  be  answered  together  in 
the  following  manner: 

Question  22.  TTY,  DB,  TERM,  CS  = 

11001100,177000,180 

C.  Instructions  for  Batch  Mode  Operation 

1.  General 

If  the  user  has  access  to  a card  reader  at  the  central  site 
or  at  a batch  terminal,  he  will  probably  find  it  more  useful  to  run 
IPSSM  via  card  input.  Four  options  are  currently  available: 

a.  Modify  and  store  new  data  base  file. 

b.  Delete  tables  used  in  the  exterior  ballistics  (AR) 

program. 

c.  Prepare  data  for  the  graphics  (PROM)  program. 

d.  Perform  and  store  error  computations  for  the  exterior 
ballistics  (AR)  program. 

2.  Control  Cards 

In  this  mode,  the  executive  program  generates  input  data  on 
a local  file  named  TAPE9.  The  executable  (LG0)  file  of  the  program 
selected  Is  copied  to  a local  file  named  TAPE8.  The  control  cards 
listed  on  the  following  page  provide  the  necessary  cards  to  attach 
and  run  the  executive  program,  which.  In  turn,  executes  the  selected 
application  program.  Cards  enclosed  In  brackets  are  Included  only  if 
you  are  making  use  of  the  error  analysis  option.  The  cycle  number 
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which  you  specify  here  when  cataloging  the  permanent  file  ERR0R  must 
agree  with  the  number  you  specify  on  the  ERR0R  card  (paragraph  3). 

(J0BNAME)  ,CM145000,T210. 

(C0MMENTCARD) 

ATTACH( IPSM.IPSH ,CY=5 ,ID=NICH0LS ,MR=1 ) 

IPSM. 

[ REQUEST, TEMP3,*PF. 

[ REWIND, TAPE9. 

C0PYSBF  ,TAPE9 . 

REWIND, TAPE9,TAPE6,TAPE10. 

RFL, 145000. 

MAP(0FF) 

' REWIND, TAPE12. 

I C0PYBF(TAPE12, TEMPI) 
i REWIND, TEMPI. 

i 

RETURN, TAPE12. 

TAPE8(TAPE9) . 

REWIND, TAPE6. 

C0PYBF(TAPE6,0UTPUT) 

- REWIND, TAPE12. 

, C0PYBF (TAPE 12 , TEMP2 ) 

REWIND, TEMP2. 

| 

REWINDJAPE12. 
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C0PYBF( TEMPI, TAFE12) 

BKSP( TAPE12 , 1 ) 

C0PYB  F ( TEMP2 , TAPE  12 ) 

REWIND, TAPE12. 

C0PYBF(TAPE12,TEMP3) 

RETURN, TAPE12. 

REWIND, TEMP3. 

CATAL0G( TEMP3 , ERR0R , CY=N , I D=NICH0LS ) 

(7/8/9CARD) 

(BATCH INSTRUCT I ONCARDS) 

(6/7/8/9CARD) 

NOTE:  The  CM  and  T values  specified  on  the  job  card  must 

both  agree  with  the  values  specified  on  card  (b)  of 
the  batch  instruction  cards  (see  next  paragraph). 

3.  Batch  Instruction  Cards 

In  order  to  explain  the  use  of  batch  instruction  cards,  the 
following  example  illustrates  all  available  options: 

a.  BAT  CH , AR5 , 5 ,M106AR 

b.  00011100,145000,210 

c . DATA 
VMX.202 
2500., 2700. 

THD 

30. 

END 
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..... 


d.  TABLE.2.NEWM106  NEW  PROJECTILE  RUN 


11 

12 

END 

e.  GRAPHICS, 4, PFNAME1  GRAPHIC  DISPLAY  TITLE 

f.  ERR0R.1.NICH0LS 

The  explanation  is  given  in  terms  of  the  card  numbers  designated  on 
the  left. 

CARD  a: 

The  word  "BATCH  "is  entered  in  the  first  five  columns 
followed  by  a comma  in  column  6.  Columns  7 and  8 will  have  the  two- 
letter  symbol  corresponding  to  the  program  in  IPSSM's  library  that 
is  being  run.  Column  9 is  the  number  specifying  the  current  opera- 
tional cycle  number  of  that  program  (usually  5).  Column  10  contains 
a comma,  followed  by  the  cycle  number,  a comma,  and  the  name  of  the 
permanent  file  where  data  base  is  located. 

CARD  b: 

In  columns  1-8  are  entered  the  input/ output  option  list 
values  (for  explanation-see  question  23  and  paragraph  3 of  Part  B), 
followed  by  a comma  in  column  9.  The  computer  core  and  time 
required  to  execute  the  applications  program  are  entered  next, 
separated  by  a comma.  The  core  requirement  is  designated  in  octal. 
See  note  on  page  23. 

CARD  c: 

If  changes  in  the  data  base  are  to  be  made,  then  a card 
with  the  word  "DATA"  entered  in  columns  1-4  is  inserted  next.  The 
next  card  follows  with  the  symbol  of  the  key  variable  to  be  changed 
entered  In  columns  1-3.  The  PLN  value  of  101  will  be  assumed  for 
that  variable  unless  it  Is  followed  by  a comma  in  column  4,  in 
which  case  the  different  PLN  number  Is  entered  In  columns  5-7.  The 
next  card  provides  the  value(s)  for  that  variable  in  free  floating 
point  format  (No  blanks;  start  in  column  1.)  After  all  the  data 
changes  have  been  entered,  a card  with  the  word  "END"  punched  in 
columns  1-3  is  Inserted  to  terminate  this  option. 
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CARD  d: 


If  the  AR  program  is  being  run  and  table  deletion  is  desired, 
then  a card  with  the  word  "TABLE"  entered  in  columns  1-5  is  inserted 
next.  One  of  the  table  numbers  to  be  deleted  is  entered  in  the  first 
two  columns  of  the  next  card.  Each  table  number  is  indicated  on  a 
separate  card.  A card  with  the  word  "END"  punched  in  columns  1-3  is 
inserted  last  to  terminate  this  option.  NOTE:  A table  card  is 

permissible  only  if  you  are  running  the  AR  program.  Otherwise  an 
error  message  will  be  printed  and  your  job  will  resume  execution. 

4.  Storage  Options 

If  it  is  desired  to  store  the  new  data  as  modified  by  any 
run,  additional  entries  can  be  made  on  either  the  DATA  or  TABLE 
cards  as  follows: 

A comma  is  placed  after  the  word  "DATA"  or  "TABLE", 
followed  by  the  cycle  number  and  the  name  of  the  permanent  file 
where  the  modified  data  base  is  to  be  stored.  These  entries  must 
also  be  separated  by  a comma.  A new  title  card  for  the  new  data 
base  is  also  entered  on  the  card  in  columns  25-80. 

CARD  e: 

If  the  WT  program  is  being  run  and  it  is  desired  to  have 
the  output  made  available  for  later  display  on  the  graphics  projectile 
measurement  program  (PROMS),  then  a graphics  card  is  included.  The 
word  "GRAPHICS"  is  entered  in  columns  1-8,  followed  by  a comma.  The 
cycle  number  in  column  10,  a comma,  and  the  permanent  file  name 
(starting  in  column  12)  where  you  wish  to  store  the  graphics  input 
follow.  The  title  for  the  graphics  display  is  also  entered  on  the 
same  card  in  columns  25-80.  NOTE : A graphics  card  is  permissible 
only  when  running  the  WT  program.  Otherwise  an  error  message  will  be 
printed  and  your  job  will  resume  execution. 

CARD  f: 

If  the  AR  program  is  being  run  and  it  is  desired  that  an 
error  analysis  be  performed  on  the  data  for  future  teletype  retrieval, 
then  an  ERROR  card  is  Included.  The  word  "ERR0R"  is  punched  in 
columns  1-5,  followed  by  a comma.  Then  the  cycle  number  (corresponding 
to  the  one  specified  in  the  control  cards)  is  punched  in  column  7, 
followed  by  a comma  and  the  ID  name,  NICHJDLS  (starting  In  column  9). 
Example  11  on  page  56  Illustrates  the  method  of  retrieving  on  the 
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teletype  the  error  analysis  stored  in  this  way.  NOTE:  An  ERR0R  card 

is  permissible  only  when  running  the  AR  program.  Otherwise  an  error 
message  will  be  printed  and  your  job  will  resume  execution.  NOTE: 
Only  the  first  two  cards  and  the  ERROR  card  are  order-dependent.  The 
DATA,  TABLE,  and  GRAPHICS  cards  can  be  inserted  in  any  order  or  any 
one  or  all  of  them  can  be  left  out.  If  the  ERROR  card  is  included, 
it  must  directly  precede  the  6/7/8/9  card. 


APPLICATION  PROGRAMS  AND  DESCRIPTIONS 


In  order  to  have  this  manual  somewhat  self-contained  without 
making  it  too  cumbersome,  a brief  description  of  each  application 
program  is  provided  in  this  section.  References  to  more  complete 
documentation  are  given,  together  with  options  available  through  the 
use  of  the  executive  program  (IPSH).  References  are  also  made  to 
specific  appendices  which  describe  key  variable  input  and  tables 
required  to  each  program. 

A.  Static  Properties  and  Stability  Calculations  (WT) 

The  program  used  in  IPSSM  for  performing  static  property  calcula- 
tions is  a program  currently  known  as  WEIGHT.  An  earlier  version  of 
this  program  was  called  DAGMAR.  Reference  1 contains  the  latest 
complete  instructions  and  use  of  the  weight  program.  The  key  variables 
associated  with  this  program  through  IPSSM  are  given  in  Appendix  Al. 

In  addition  to  the  key  variable  input,  the  description  of  each  shell 
item,  i.e.  body,  fin,  known  and  ogival  is  entered  following  a card 
with  the  name  WGTTAB  punched  on  it,  starting  in  Column  1.  The  for- 
mat for  entering  this  Information  is  identical  to  that  used  in  the 
WEIGHT  program.  For  completeness,  this  format  is  given  in  Appendix 
A2;  however,  for  a complete  explanation  of  reference  points, 
associated  diagrams  and  the  equations  used,  see  Reference  1.  The 
variables  named  NBI,  NOF,  NFP,  NKI  and  NOI  provide  the  number  of 
body,  fin,  fin  pieces,  known  and  ogival  items,  respectively.  The 
number  of  cards  following  WGTTAB  must  agree  and  correspond  with  the 
values  given  for  the  key  variables.  Following  the  shell  description 
cards  Is  the  card  with  ENDWGT  punched  In  columns  1 to  6. 

The  executive  program  (IPSH)  is  capable  of  changing  the  shell 
Items  in  a similar  way  to  that  done  at  the  graphics  terminal.  The 
procedure  is  written  In  conversational  mode  that  starts  with  the 
question:  "CHG  ITEMS,  YES  OR  NO  = (See  question  18  — TTY 

Instructions).  If  the  answer  Is  NO,  the  executive  routine  continues 
by  asking  the  question;  "STORE  MOD  DATA  YES  OR  NO  = " (question  19). 
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However,  if  you  answer  YES,  the  program  asks  the  following:  "ITEM 

TYPE  - BDY,  FIN,  KNO,  OGV  OR  END  You  may  then  select  the  appro- 
priate type  or  end  the  process  with  END.  Having  selected  an  item  type, 
the  next  question  is;  "DEL,  ADD,  OR  CHG  Typing  DEL  means  you 
wish  to  delete  one  entire  item  (line)  of  the  type  you  selected.  The 
program  will  then  ask  for  the  item  number:  "ITEM  NO.  =".  The  item 

number  corresponds  to  the  particular  location  of  the  item,  i.e.,  line 
number  within  its  group  (body,  fin,  or  ogive).  This  can  most  easily 
be  determined  by  looking  at  a previous  WT  run  on  ■ hich  the  Items  are 
numbered  within  their  group. 

WARNING:  DEL  should  be  the  last 

operation  specified,  after 
all  ADDs  and  CHGs  are 
performed,  as  the  lines 
will  be  automatically  re- 
numbered after  each  deletion 
and  any  subsequent  attempts 
to  add  or  change  item  numbers 
will  most  likely  be 
inaccurate. 

For  the  same  reason  all  deletions  should  be  specified  in  the  order  of 
the  highest  item  number  first  to  the  lowest  item  number  last.  ADD 
requires  that  you  specify  additional  data  for  the  item  type  selected. 
The  data  are  then  typed  in  free  floating  point  format  as  it  is  asked 
for  and  the  new  item  is  automatically  entered  into  the  data  base  for 
the  run  being  made.  These  changes  are  not  permanent  unless  you  store 
the  modified  data  base.  The  CHG  option  requires  that  you  specify  the 
item  you  wish  to  change  and  then  the  field  within  that  item  that  you 
wish  to  modify.  Field  one  represents  the  first  formatted  entry  on  that 
particular  body,  fin,  or  ogive  card;  field  two  the  second,  and  so  on. 

These  options  allow  for  limited  modifications  of  the  shell  con- 
figuration via  the  teletype.  Obviously,  the  graphics  system  called 
PROMS  (Reference  2)  with  a visual  display  is  much  easier  to  work  with, 
particularly  if  you  are  working  with  new  shell  designs.  However,  for 
a limited  number  of  straightforward  design  changes  the  user  may  find 
It  more  convenient  to  use  the  teletype  located  in  his  Immediate  area. 
The  TTY  procedure  is  not  recommended  for  any  extensive  changes. 

In  addition  to  this  option,  the  executive  program  can  also  prepare 
data  for  use  with  the  PROMS  system.  After  selecting  the  weight  pro- 
gram (WT),  the  question  "GRAPHICS  YES  OR  N0="  will  be  asked.  If  your 
answer  is  YES,  you  are  then  required  to  specify  a cycle  number  and 
permanent  file  name  to  store  the  data  for  a subsequent  graphics  run. 
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The  graphics  output  (currently  in  the  form  of  cards)  can  then  be  re- 
entered into  the  data  base  for  additional  IPSSM  runs. 

B.  Generation  of  Aerodynamic  Coefficients  (SP) 

The  program  used  in  IPSSM  for  calculating  aerodynamic  coefficients 
is  a program  known  as  SPINNER.  The  documentation  for  this  program 
is  given  in  Reference  3.  The  program  was  originally  written  in 
Fortran  IV  for  use  of  the  IBM  360/65.  Later  it  was  converted  to  run 
on  the  CDC  6500.  Computational  techniques  used  to  estimate  the  aero- 
dynamic coefficients  of  spin-stabilized  projectilesare  based  upon  the 
use  of  empirical  equations  and  apply  for  Mach  numbers  from  0.01  to 
3.0.  The  key  variable  data  required  to  execute  the  program  are  given 
in  Appendix  B.  The  following  aerodynamic  coefficients  are  predicted 
by  SPINNER  for  projectiles  of  3.6  to  9.0  calibers  in  length,  with 
ogival  nose  lengths  of  1.8  to  4.0  calibers  and  boattail  lengths  between 
0.0  (square  base)  and  1.0  calibers: 

Zero  Yaw  Drag  Coefficient 

Normal  Force  Coefficient  Derivative 

Pitching  Moment  Coefficient 

Magnus  Force  Coefficient  Derivative 

Magnus  Moment  Coefficient  Derivative 

Damping  in  Pitch  Coefficient  Derivative 

Spin  Deceleration  Coefficient 

The  formulas  are  based  upon  the  use  of  "standard"  projectile 
length,  and  center  of  gravity  from  the  standard. 

The  SPINNER  Program  does  provide  the  engineer  with  a rapid, 
accurate  technique  for  estimating  the  aerodynamic  coefficients  for 
use  in  preliminary  design  studies.  However,  SPINNER  results  should 
be  checked  against  reliable  aerodynamic  data  when  available.  (The 
above  remarks  are  excerpts  from  Reference  3.) 


C.  Interior  Ballistics  Calculations  (IB) 

The  program  used  in  IPSSM  for  interior  ballistic  calculations  is 
a short  FORTRAN  program  called  INTERIOR  BALLISTICS,  and  is  described 
in  Reference  4.  The  program  uses  a series  of  simple  equations  to 
compute  muzzle  velocity  given  charge  weight, chamber  volume, maximum 
pressure, and  other  variables  shown  in  Appendix  C.  The  program  can 
also  be  used  to  calculate  charge  weight  if  the  muzzle  velocity  is 
known.  However,  the  process  used  in  this  case  is  an  iterative 
scheme  which  usually  converges.  Maximum  pressure  can  also  be  estimated 
by  another  iterative  process.  The  codes  required  for  the  key  variable 
PKI  are  1.0,  2.0,  5.0,  6.0,  8.0,  9.0,  10.0,  15.0,  17.0,  26.0,  30.0, 

31.0  which  represent  the  propellants  Ml,  M2,  M5,  M6,  M8,  M9,  M10,  M15, 
M17,  M26,  M30,  and  M31,  respectively. 

D.  Exterior  Ballistics  Calculations  (AR) 

The  program  used  in  IPSSM  for  exterior  ballistic  calculations  is 
a two-stage,  point-mass  trajectory  program  called  AEROI  with  drag 
cancelling  and  stability  calculation  options.  One  of  the  original 
versions  of  the  program  was  known  as  RKTCAN,  which  was  written  in 
1962.  The  most  recent  documentation  for  this  program  can  be  found  in 
Reference  5.  It  was  written  for  the  IBM  360/65  and  did  not  contain 
the  stability  calculations.  In  1966  a new  version  of  RKTCAN  was 
written  to  include  stability,  and  is  currently  known  as  AEROI. 
Documentation  for  this  program  is  contained  in  Reference  6.  Basically, 
the  program  can  be  used  for  both  one  and  two-stage  missiles  or  Rocket- 
Assisted  Projectiles  (RAP).  The  trajectory  calculations  are  divided 
into  the  following  four  phases: 


Phase  I 


Phase  II 
Phase  III 
Phase  IV 


Acceleration  of  Booster  and  Main  Stage 

a.  Start  from  Launcher  (VMX*0.) 

b.  Start  without  Launcher  (VMX  greater 
than  zero) 

Coasting  of  Main  Stage 
Acceleration  of  Main  Stage 
Free  Flight  of  Main  Stage 
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For  calculations  involving  Rocket-Assisted  Projectiles,  only  Phases 
III  and  IV  are  required.  Other  combinations  can  be  used,  depending 
on  the  functions  of  the  missile  or  projectile.  A purely  ballistic 
trajectory  may  be  simulated  by  either  Phase  II  or  Phase  IV.  A listing 
of  the  key  variables  used  in  this  program  is  given  in  Appendix  Dl, 
together  with  an  explanation  of  their  meaning,  values,  and  format. 

The  program  tables  required  for  the  program  are  given  in  Appendix  D2. 
For  consistency,  all  tables  are  described  by  the  same  format,  which 
requires  six  cards.  The  first  three  denote  values  of  the  independent 
variable  (mach  number,  altitude,  or  time);  the  last  three  give  the 
values  of  the  dependent  variable  (drag  coefficient,  thrust,  weight, 
density,  temperature,  etc.).  Each  card  is  in  10F7.0  format. 

All  table  cards  are  inserted  in  the  initial  IPSDATA  data  deck 
behind  two  table  control  cards.  The  first  card  has  th°  name  EXTTAB 
punched  on  it  starting  in  column  1.  The  second  card  denotes  the 
tables  to  follow.  Each  column  of  the  card  corresponds  to  the  number 
of  the  table  to  be  inserted.  A 1 in  any  given  column  indicates  that 
the  correspondingly  numbered  table  will  be  included.  For  example, 
a 1 punched  in  column  1 of  the  card  would  indicate  that  six  cards 
for  Table  1 would  appear  next.  A blank  in  any  column  indicates  no 
corresponding  table  will  be  inserted.  Thus,  the  second  card  indicates 
the  tables  that  follow  (in  order)  corresponding  to  the  column  number 
containing  a 1.  Depending  on  the  value  of  certain  key  variables 
listed  in  Appendix  Dl,  certain  tables  must  be  inserted  for  proper 
execution  of  the  AEROI  Program.  However,  any  table  can  be  stored 
initially  in  the  data  base  as  long  as  the  appropriate  ones  are 
deleted  when  setting  up  a run  through  the  executive  program  (IPSH). 

The  AERO  I table  cards  must  be  followed  by  a card  with  ENDEXT  punched 
in  columns  1 to  6.  For  the  TTY  mode,  tables,  by  number,  can  be 
deleted  one  at  a time  (see  Instruction  for  TTY  mode,  page  10  ).  For 
the  batch  mode,  tables  are  deleted  by  a number  following  the  card 
labelled  "TABLE"  (see  Instruction  for  Batch  Mode,  page  21  ).  All 
aerodynamic  coefficients  are  "C"  coefficients.  The  conversion  of 
"k"  coefficients  to  "C"  coefficients  is  given  in  Reference  6. 

A fixed  flat  earth  and  the  1959  ARDC  standard  atmosphere  are 
used  when  no  other  option  is  identified.  Provision  for  inserting 
nonstandard  atmospheres  is  provided  by  the  use  of  the  key  variable 
NAT  and  Tables  19  and  20. 


E.  Terminal  Effectiveness  Calculations  (LA) 


The  effectiveness  program  used  in  IPSSM  computes  the  lethal  area 
of  fragmentation  ammunition.  It  has  many  options  and  computational 
features  that  are  described  in  references.  The  essential  input  to 
the  program  is  the  fragmentation  data  as  a function  of  "zones" 
described  with  respect  to  the  axis  of  symmetry  of  the  shell.  A zone 
is  the  region  between  two  conical  surfaces  whose  axes  are  at  the 
center  of  gravity  of  the  round  and  whose  half-angle  is  measured  from 
the  nose  end  of  the  round.  Fragmentation  data  within  each  zone 
consist  of  the  number  of  fragments  within  given  weight  groups  and  the 
initial  velocity  of  the  fragments.  Each  fragment  in  a weight  group 
has  a weight  equal  to  the  average  fragment  weight.  All  fragments  within 
a given  zone  are  assumed  to  have  the  same  initial  velocity.  However, 
their  drag  is  dependent  upon  a shape  factor,  the  size  and  weight  of 
the  fragments  themselves,  and  the  type  of  media  (air,  grass,  leaves, 
etc.)  through  which  the  fragment  will  travel. 

The  shell  is  assumed  to  detonate  at  some  point  in  space  above  the 
target  area  or  at  impact  with  the  ground  plane.  The  shell  may  have 
a terminal  velocity  at  detonation.  Its  angle  of  fall  with  respect  to 
the  ground  plane  is  also  required  input.  The  targets  for  this  program 
are  personnel  in  various  postures  such  as  prone,  standing,  or  in  fox- 
holes and  are  also  assumed  to  be  in  some  stage  of  military  readiness. 
These  military  situations  are  described  further  in  the  references. 

Those  who  use  the  program  will  recognize  the  required  key  variables 
given  in  Appendix  E. 

The  program  is  also  capable  of  generating  probability  of  kill 
(PK)  matrices  in  the  ground  plane.  In  this  case,  the  target  area 
is  divided  into  rectangular  cells  that  can  be  specified  by  the  user 
or  generated  internally,  depending  upon  the  option  called  for  by  the 
input  data.  The  PK  is  then  calculated  for  each  cell.  The  PK 
matrices  can  then  be  used  in  other  lethality  programs  to  determine 
the  effectiveness  of  volley  fire  and  multiple  round  firings.  Pro- 
grams which  evaluate  multiple  round  effectiveness  could  be  incorporated 
into  IPSSM  at  some  future  date,  if  desired. 

Another  significant  feature  of  the  program  is  its  ability  to 
account  for  velocity  decay  of  the  fragments  as  they  pass  through 
different  layers  between  planes  parallel  to  the  ground  plane.  The 
regions  between  layers  can  represent  various  types  of  media  repre- 
sentative of  environments  such  as  grass,  jungle  tangle,  or  high 
canopy  forests. 
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It  should  be  emphasized  that  for  purposes  of  the  IPSSM  system 
some  of  these  sophistications  need  not  be  used  to  obtain  a preliminary 
estimate  of  the  shell's  lethal  potential.  However,  having  this 
program  available  does  allow  for  parametric  studies  to  be  made  in  an 
easy  manner  by  varying  the  key  variable  data. 

The  format  of  the  fragmentation  data  is  identical  to  that  used 
when  running  the  lethal  area  program  independent  of  IPSSM.  Preceeding 
the  fragmentation  data  is  a card  labelled  FVMTAB  in  columns  1 to  6,  and 
following  the  last  fragmentation  data  card  is  a card  labelled  ENDFVM. 
Data  describing  the  fragment  drag  tables  are  separated  in  a similar 
manner  by  cards  labelled  FDXTAB  and  ENDFDX  in  columns  1 to  6.  This 
table  is  required  and  must  contain  at  least  two  values  for  both  the 
dependent  and  independent  variables. 

F.  6-D  Trajectory  Program  (TR)  (references  9,  13) 

The  six  degree-of- freedom  missile  trajectory  program  may  be 
utilized  to  compute  trajectories  for  one  and  two-stage  rockets  and/or 
ballistic  projectiles  (fin  and  spin-stabilized)  and  consists  of  the 


following  phases; 

Phase 

I 

Acceleration  of  Booster  and  Main  Stage 

Phase 

II 

Coasting  of  Booster  and  Main  Stage 

Phase 

III 

Separation  of  Booster  from  Main  Stage 

Phase 

IV 

Coasting  of  Main  Stage 

Phase 

V 

Acceleration  of  Main  Stage 

Phase 

VI 

Free-f light  of  Main  Stage 

Any  of  these  phases  may  be  excluded  in  the  computation.  For  ballis- 
tic trajectory  computations,  only  Phase  VI  is  required. 

Thrust  values  for  the  acceleration  phases  (I  and  V)  are  obtained 
in  the  computation  by  linear  interpolation  of  a thrust  versus  time 
table.  Provisions  in  the  program  permit  altering  the  table  thrust 
values  by  using  a constant  thrust  modifier  term.  Also,  the 
correction  of  presented  thrust  data  for  changes  of  atmospheric 
pressure  with  altitude  may  be  performed,  if  desired,  by  the  user. 
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Thrust  misalignments  may  be  introduced  by  establishing  the  thrust 
misalignment  distances  and  angles  as  input  data.  Also,  a constant  jet 
torque  may  be  introduced. 

A linear  change  in  mass  during  acceleration  or  a change  in  mass 
as  a function  of  the  thrust  and  specific  impulse  of  the  rocket 
propellant  is  another  option  for  phases  one  and  five.  If  a separation 
thrust  is  required  in  phase  three,  only  a linear  mass  change  is 
computed. 

During  all  acceleration  phases,  center  of  gravity  and  moments  of 
inertia  are  varied  linearly  with  time. 

Range,  crcss-range,  and  vertical  winds  may  be  introduced  in  the 
program  in  tables  as  functions  of  range  and  altitude  for  flat  earth 
profiles.  At  present,  wind  equations  for  a spherical  earth  have  not 
been  included  in  the  computer  program  because  data  formats  for  these 
wind  profiles  have  not  been  made  available.  Constant  flat  earth  winds 
may  also  be  introduced  for  the  entire  trajectory.  Inclusion  of  winds 
in  the  computation  is  an  option  and  not  required  for  all  trajectories. 

Normal  force,  yaw  damping,  drag  ballistic  coefficients,  and 
normal  force  center  of  pressure  axial  positions  are  introduced  in  the 
program  as  table  functions  of  mach  number  and  angle  of  attack.  When 
they  are  available,  magnus,  roll  moment,  and  roll  damping  (or  spin 
deceleration)  ballistic  coefficients  and  the  magnus  force  center  of 
pressure  positions  may  also  be  included  as  table  functions  of  mach 
numbers  end  angle  of  attack.  For  entry  of  tabular  data,  consult 
AerobaTl istics  Branch,  FRL,  ^icatinny  Arsenal. 

G.  Recoil  Mechanism  Design  (RM) 

This  program  was  written  at  Rodman  Laboratories,  Rock  Island. 
Documentation  is  not  available  at  this  time.  It  is  suggested  that 
Mr.  B.  Moody  at  Rodman  be  contacted  for  further  information. 

H.  Sabot  Design  Program  (SD) 

The  program  SABOT  DESIGN  is  currently  used  in  IPSSM  for  the 
determination  of  sabot  design  parameters.  Before  a weapon  system  can 
be  designed  and  tailored  to  achieve  stated  objectives,  adequate 
design  criteria  must  be  established.  In  the  case  of  weapon  systems 
employing  saboted  flechettes,  many  interdependent  variables  are 
present  that  serve  to  confound  the  design  process.  Reference  10 
contains  the  latest  complete  instructions  for  the  use  of  the  SABOT 
DESIGN  Program,  which  can  accomplish  the  coordination  of  such 
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variables  as  sabot  geometry,  inbore  pressure,  intersegment  spacing, 
bore  friction,  sabot  density,  and  flechette  weight.  These  and  other 
key  variables  associated  with  this  program  through  IPSSM  are  listed 
in  Appendix  H. 

In  addition  to  various  numerical  analyses,  SABOT  DESIGN  is  capable 
of  producing  Calcomp  and  printer  plots  of  inbore  loading  through  the 
use  of  the  NANCY  plotting  routine.  Examples  can  be  found  in  Reference 
9. 


The  SABOT  DESIGN  Program  enables  a sound  engineering  approach  to 
sabot  design  that,  in  the  past,  largely  relied  upon  numerous  cut  and 
try  methods.  At  Frankford  Arsenal,  where  the  program  was  written, 
it  has  already  been  used  to  design  two  functional  flechette/sabot 
assembl ies . 

I.  Heppner  Interior  Ballistics  (IH)  (reference  11) 

The  use  of  multigranulation  propellant  charges  requires  improved 
ballistic  theory  for  the  prediction  of  interior  ballistic  phenomena. 
Accordingly,  the  Hitchock  equations  of  interior  ballistics  were 
modified  and  new  procedures  developed  that  are  more  applicable  to 
the  high  charge-to-projecti le  weight  systems.  These  modifications, 
incorporated  into  the  Heppner  Interior  Ballistics  Program,  give 
more  reliable  predictions  of  the  effects  of  changes  in  the  weight  of 
the  charge,  the  weight  of  the  projectile,  web  size,  and  type  of 
propellant  and  granulation  of  ammunition.  The  program  performs  all 
necessary  computations  for  the  high-velocity  guns  for  any  shape  of 
propellant  grain  and  multigrain  charges. 

Principal  output  is  proportion  of  propellant  burned,  projectile 
travel  and  velocity,  chamber  pressure,  pressure  on  the  base  of  the 
projectile  (all  as  a function  of  time),  and  ’’variable  quickness" 

(as  a function  of  projectile  travel  in  the  tube  of  the  gun). 

Another  feature  of  the  IH  program  is  that  if  experimental  data 
(velocity  and  maximum  pressure)  are  available  for  a particular 
system  (gun,  projectile,  or  propellant),  the  data  can  be  used  as  a 
"basis"  for  calculations  of  additional  pressure  and  velocity  charge 
relationships  for  new  systems  to  be  studied.  The  closer  the  new 
system  is  to  the  basis  system,  the  more  accurate  the  calculations 
will  be. 
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SAMPLE  INPUT  FOR  INITIAL  DATA  BASE  GENERATION 


Following  is  a list  of  the  data  base  cards  used  to  generate  the 
data  base  titled  "PROJECTILE  8-INCH  M106",  using  the  IPSDATA 
program.  These  cards  would  be  inserted  into  the  deck  format  shown 
on  page  7,  and  as  a result  of  this  run,  five  different 
permanent  files  (M106AR,  M106TR,  M106SP,  M106WT,  and  M106LA)  are 
created  and  catalogued  (cy=5),  as  discussed  on  page  8 • 

that  these  five  different  files  are  created  as  a result  of  both  S, 
M106  being  specified  on  the  second  data  base  card  and  the  inclusion 
of  data  used  by  each  of  the  five  application  programs.  Appendix  J 
shows  the  output  of  this  run. 
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SAMPLE  TEST  CASES  AND  SETUP 


A.  Introduction 


This  section  provides  sample  cases  of  both  TTY  and  Batch  runs 
using  IPSSM.  They  are  given  to  illustrate  the  use  of  the  system  as 
well  as  to  show  specific  techniques.  It  is  recommended  that  some  or 
all  of  these  cases  be  run  by  new  users.  The  permanent  file  named 
M106  (Cycle  5)  is  available  for  this  use  and  is  used  by  all  the 
examples.  However,  other  data  base  files  may  be  generated  by  the  use 
of  IPSDATA  (Cycle  5).  Care  should  be  taken  to  specify  different 
permanent  file  names  than  those  catalogued  in  these  examples  to  avoid 
conflict  and  possible  job  abort. 

B.  TTY  Examples 

1.  General  Information 


The  following  lines  show  the  initial  login  and  attach 
procedure  that  is  common  to  all  the  teletype  examples  mentioned  in 
this  manual.  All  subsequent  examples  will  begin  with  the  first 
statement  generated  by  IPSSM,  namely,  "THIS  IS  IPSSM, 


JWfKt  UTi  IWTCTCCW  4.1 

83  frJrt. 

niMi  ijmim 
lmTn 

»tm  im  mm-  ivmmrm 





SB-'W’ar*™, . 


pnpv  ivilUBlE  TO  ODC  DOES  HOT 

Kit Sh  mi  tmm 


41 


*358? 





MODE:  TTY  or  BATCH=".  All  information  shown  underlined  is  user- 

supplied.  Continuous  reference  to  Table  1 should  be  made  while 
reviewing  the  following  examples;  the  batch  outputs  generated  by 
these  runs  are  shown  in  Appendix  K. 

2.  Representative  TTY  Examples 

a.  Example  1 illustrates  the  running  of  the  Static  Shell 
Properties  Program  (WT)  using  the  M106  data  without  modification. 


SSI-^frvir ORTON  • TTV.WTt.t.RtOQI It 

mu- 

RKOJtCTIU  • MON  MM 
OMM4ICS,  va  OK  NO  - NO 


DMM  ONTO  OMK.  va  OR  NO  • 
NMITV  ONTO,  VO  OR  NO-  NO 

omo  mM  va  ok  no  • no 

RTjanRv.w&.a*: 

CORK  RON-  CN.T  -lOOOOO. lit 

nv  imn  u«r-  ovnoou  • woi 
flRccirv  mm i rouit|- 


jWnfT 


IIOOtIM 


.(•Mi 


COPY  AVAILABLE  TO  DOC  DOES  NOT 
PERMIT  FULLY  LEGIBLE  PRODUCTION 
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Note  that  the  short  TTY  input  (page  21  ) iS  used  to  answer  question 
1.  Also,  TTY  results  (a  summary)  are  asked  for  and  will  be  saved  on 
a permanent  file  called  SAVEWT  (cycle  1),  in  addition  to  the  more 
complete  batch  results  that  will  be  sent  to  the  remote  terminal  site 
(see  Appendix  K-l  for  entire  batch  output).  Also,  the  number  of  shell 
body  items  (NBI)  has  been  selected  to  be  included  in  the  TTY  results 
for  the  user's  own  reference. 

The  following  TTY  run  was  used  to  obtain  the  TTY  results 
stored  previously  on  the  file  SAVEWT  (Cycle  1).  Note  that,  for 
reference,  the  number  of  shell  body  items  (NBI)  is  also  provided. 


this  isipssn 

HO  DC-  TTY  OK  MTCH  • TTY 

UIU  THIS  DC  A NCU  DUN.  YCS  OR  NO  • NO 

UHCRC  UCRC  RESULTS  STORED. PFNAHE.CY. ID-  SAUEUT. I.NICHO 

Nil  3C.OM 

PROJECTILE  • INCH  HIM 
PROPERTIES  OF  ENTIRE  SMELL 
UCIQHT.  DM. fits  POUNDS 
CO  TO  REP-  £2.7413  INCHES 
POLAR  INERTIA-  1DM.S1SI  POUND  INCH  SQUARE 
TRANSMRSC  INERTIA- 1SOS2.7227  POUND  INCH  SQUARE 
OUTER  UOLUHE-  1230. 1QM  CUQIC  INCHES 


OF  TTY  RESULTS 

1 QM 

103  CP  SECONDS  DCCUTIOH  TINE 


pHi imK!¥  T0  DDC  WES  NOT 
ralMir  FOLLY  LEGIBLE  PRODUCTION 
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b.  Example  2 below  also  illustrates  the  running  of  the 
Static  Shell  Properties  Program  (WT),  but,  in  this  case,  the 
density  of  body  item  number  3 is  changed  to  0.300. 

Ogival  item  number  4 has  also  been  deleted.  The  complete  remote 
output  is  given  in  Appendix  K-2. 


this  isifssh 

TTV  Oft  BATCH  • TTV.yTVS.H10Q UT 

TITLE* 


PftOJCCTIU  S INCH  NIK 

*EOUEST<TAPC«,*FF  > 
REQUEST  ( TAPES.  tPF  ) 

QNAPHICS.  VES  Oft  NO  • 


NO 


EXAMINE  DATA  BABE.  VES  Oft  NO  • NO 

NODirv  DATA,  VES  Oft  NO*  NO 

CH6  ITEMS  VES  Oft  NO  • VfS 

ITEM  TVftE-  lDY.FIH.ICNO.OOU  Oft  END  • BOV 
XL.  ADO  Oft  CHS  *CHQ 
ITEM  NO.  • #3 

flELD  NO..  VALUE  • 4,0.3 

ITEM  TVPE-  1DV.FIH.ICNO.OOU  0*  END  > OOU 
DEL.  ADD  Oft  CHQ  .DEL 
ITEM  NO.  . 04 

ITEM  TVftf-  BDV, FIN, KNO, OOU  Oft  END  ■ END 
STONE  NOD  DATA,  VES  Oft  NO  »N0 


INfUT/OUTFOT  OPTION  LIST 
<V-|  N*0)  TTV.DB.TENM.CS  • 


1100 


CM.T  •lDOOOO.llS 


CODE, 

xxx-xxx  • 


ION  TIME 


S'f !&® 


44 


HOf 

CTION 


J 


c.  Example  3 illustrates  the  running  of  the  Aeroballi sties 
Coefficients  Program  (SP).  TTY  input  is  shown  below.  Batch  output 
for  this  run  is  given  in  Appendix  K-3.  In  this  case,  the  key  variable 
CGS  (distance  in  calibers  of  the  center  of  gravity  from  the  nose  of 
the  projectile)  is  changed  from  3.315  to  3.50.  Note  also  that  the 
two  values  of  WTS  (shell  weight  in  pounds)  are  changed  by  re-entering 
only  one  value.  The  option  to  automatically  generate  a new  data  base 
with  the  permanent  file  name  MOO  (Cycle  1)  and  the  title  "MOD  8 IN 
PROJECTILE"  is  also  accomplished.  This  data  base  can  then  be  used 
by  the  Exterior  Ballistics  Program  (AR)  with  the  drag  tables 
generated  and  stored  by  the  SP  program  in  the  MOD  file  (Example  4). 


5Stf-X?TV^O^, BATCH  • TTV.BPt.f.HII 

TITO- 

PAOJCCTIUC  • INCH  MM 

OMHINC  DATA  BMC,  VCf  OR  NO  • S 

BVN  • MTf 

P • _|  t«  B N • • 
UAUSi  - BBB.BBB  IBB. MB 
Wl  " CBS 


P • 1 L-  t N • t 
MUD  • l.BIB 
BVN  • OB 

MBIPV  BATA,  VCf  OB  NO*  VCf 


BYH.PtN- 

MTf.11 

UAUCf  • 

BBB.f 

BVN. PUN- 

CBB.1B1 

vmici  • 

l.l 

BVN.PUt* 

am 

K MB  BATA, 

VCS  M M 

& 


fwrsssr«v.cTi&,.ai 


AB  BATA  BAM  TO  M UPBATfKCV.PPW*  §£ 
MM  BATA  BAM  nu- CV.PPNAM  - 1, 

mt  TtrtM  • MB  B IN  PABJCCmt 
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d.  Example  4 shows  the  running  of  the  Exterior  Ballistics 
Program  (AR)  using  the  MOD  drag  data  generated  by  the  SP  program  in 
Example  3.  A recently  added  provision  for  conducting  a partial  error 
analysis  in  the  AR  program  is  utilized  here.  The  data  produced  by  the 
AR  program  are  analyzed  and  stored  in  the  permanent  file  ERRAN  (Cycle  1). 
A second  run  is  necessary  to  produce  the  analyzed  results  after  the 
initial  execution  is  completed.  Below  is  the  TTY  input  yielding  the 
first  set  of  results  shown  in  Appendix  K-4. 


mu- 

tm  I IN  NNOJCCT1U 

BKisawv 


TTV.MB.l 


omam  bntn  bosk.  vts  oa  nd  • 
mbitv  m»,  vts  ok  no-  NO 
KMW  NNNLVSlt  VO  ON  NO 

mere  tubus,  ves  on  no  • no 

W>  CN.T  •] 

XNV 


"■wow 


CT 

CT  Ml 


COST 


mmm  MNffisi 


nu 


NOTE:  The  permanent  file,  ERRAN ,1  .NICH0LS  is  available  for  recall. 

It  does  not  have  to  be  recreated  by  rerunning  this  example. 


COPY  AVAILABLE  TO  DOC  DOES  NOT 
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The  following  run  was  used  to  analyze  the  TTY  results 
previously  stored  on  the  file  ERRAN.  The  generated  table  gives  the 
errors  in  range  contributed  by  the  deviations  caused  by  changing 
drag  data,  angle  of  elevation  (THD),  and  initial  muzzle  velocity 
( VMX) . 


M-TrfSV*,  . 

MU  IMS  M ft  MU  ■*,  W M - M 
jjMM  mm  moults  mn.priMR,ev.»>  mmm*u 


"Gunk**9 

MVPI  MMI  * i4rW«H 


to 


•.« 


!.«•  i.MI  -«.M 

I.M  .W  m.M 

tt.Mtt 


MV  TTY  RMULTt 

.•Pm— 
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e.  Example  5 shows  the  running  of  the  Interior  Ball  is 
Proqram  (IB).  Two  new  values  of  the  propellant  weight  (PC!)  are 
entered  via  the  TTV  as  a temporary  change  to  examine  differences 
muzzle  velocity.  Appendix  K-5  shows  the  batch  results.  The  TTY 
input  necessary  produce  this  run  is  snown  below. 


tics 

in 


rrru- 

PMJBCTXLK  • 

OMMXMK  ***  «•  "*  “ 

. PCI 


TTV,  I» 


mcifv  **r»,  «•  «0-  v» 

I.HN>  W1>Q 


‘ffTMf*  ” !«<«>«♦ 

rm.w*  W 
trout  rm  or*.  «»»•! 

8yanBY.snft.tt" 

CH,T  «jgjjMg 


Vtf 


COPY  AVAILABLE  TO  DOC  DOES 1 NOT 
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f.  Example  6 shows  the  running  of  the  Lethal  Area  Program 
(LA),  where  two  variables,  burst  height  (PHB)  and  angle  of  fall  (AOF), 
are  linked  by  the  L parameter  discussed  on  page  9.  Even  though  both 
variables  have  two  values  each,  they  are  changed  simultaneously  (the 
permuted  variable  is  PHB).  This  run  also  used  the  option  to  store 
the  modified  data  in  a permanent  file  called  LAM0D2  (cycle  2)  with 
the  new  title,  "LA  M0D 2 8 IN  PR0JECT1LE".  The  batch  output  is  shown 
in  Appendix  K-6.  The  TTY  input  is  given  below.  Note  that,  in  this 
example,  the  user  initially  typed  the  wrong  symbol  for  the  burst 
height.  The  system  allows  corrections  as  shown  without  aborting. 


THIS  IS  ipssh 
ROM'  TTV  ON  MTCW  • 


TTY. LAS. 5. HI— LA 


TITLE* 

PROJECTILE 


« INCH  HIM 


REQUEST (TAPE IB, *PF > 

REQUEST ( T APEB. tPf  ) 

EXAMINE  DATA  BASE,  YES  ON  NO  ■ 

HOOIFV  DATA.  YES  ON  NO*  YES 

syh.pln-  psw.aia 


NO 


IS  inconrect  symbol 

SVH.PLM* 


UAUJES 


PHB. BIB 

8B..BS. 


SYH.PLN*  AOF, BIB 

VALUES  * 47.,4i. 

SYH.PLN*  END 

STONE  NOD  DATA,  YES  ON  NO  *VES 

NEW  TITLE  • LA  NODB  B IN  PROJECTILE 

WHERE  DO  YOU  WISH  TO  STONE  NOD  DATA l CV.PFNAME  • 
MODS 


HOD  BATA  STONED I CY  • B PF  • INHOBS 

^‘iSS&’&.UHOOB 

CT  CV*  MC  BNNNI478  WORDS,  i 


i55ri2rYL.S!ia..aT 


ii— 


OH.T  *1 


xxx-xxx  • 


JE^hEMr1  n" 
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g.  Example  7 illustrates  the  running  of  the  Interior 
Ballistics  Program  (IB).  Here  the  option  of  examining  al_l_  values  of 
the  data  base  is  utilized  by  typing  the  word  ALL  in  answer  to  the 
question  "EXAMINE  DATA,  YES  0R  N0  =".  TTY  input  is  shown  below,  and 
batch  output  is  given  in  Appendix  K-7. 


TNIS  IS  IRSSN 

aOBf-  TTY  0*  BATCH  • TTV, 1B6,S,H10CIB 

TITLE* 

RROJECTILE  t INCH  HIM 

SRS&RiftSV 

EXAMINE  DATA  BMC,  VC S OK  NO  • VES 

SVN  • AU 


SVN 

KLN 

VALUES 

DU 

101 

3.S43 

XU 

101 

ISO. 000 

VO  I 

101 

300.000 

NKI 

lot 

CMM  MM 

KNI 

tot 

It. CM 

KCI 

tot 

a.soo 

RKI 

tot 

17.000 

NUI 

lot 

0.000 

SATA, 

VES  OR 

NO*  NO 

IHRUT'OUTKUT  OKI I ON  LIST 

«V1  N*0>  TTY. DS. TERN, CS  * M— If 

COKE  RE 00-  CN,T  *100000, III 

COST  CENTER -CHAROE  CODE, 

XXX-XXX  • MO  700 

STOK  00 

.M3  CR  SCCONM  EXECUTION  TIKE 

CONWANO  BATCH, JOQ, IHRUtTaO 

FILE  NANE-IRSN09C.  DISK-INRUT  , Ifr-M 


COPY  AVAILABLE  TO  DOG  DOES  NOT 
PERMIT  FULLY  LEGIBLE  PRODUCTION 
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h.  Example  8 illustrates  the  running  of  the  Recoil  Mechanism 
Design  Program  (RM).  In  this  case,  the  option  to  examine  results  of 
the  run  (in  summary)  on  the  TTY  is  selected.  Note  that  the  value  of 
the  rise-fall  time  of  the  rod  pull  curve  (TIR)  is  selected  for 
initial  printout  when  the  results  stored  in  RMD1  (cycle  2)  are  later 
retrieved  (page  52  ).  The  data  base  for  this  run  is  located  in 

TESTRM  (cycle  1).  Also,  the  recoil  tables  in  RMTAB  (cycle  1)  must  be 
specified.  TTY  input  is  shown  below.  Batch  output  is  given  in 
Appendix  K-8. 


this  15  IRSSN 
no dc-  rrv  or  patch  • 


TTY.RWS. l.TESTRH 


RCCOIL  MECHANISM  TEST 

RE0UE$T(TARE12,tRF ) 

RESUEST( TARES. PRF  I 

EXAMINE  DATA  DASE.  YES  OR  NO  - NO 

MODIFY  DATA.  YES  OR  NO-  NO 

INPUT/OUTRUT  OPTION  LIST 

<Y-1  N-R)  TTY.Di.TERR.CS  - If  11— 

CORE  RE—-  CM. T -1— .HQ 

TTY  INPUT  LIST-  SYNDOLS  - TIR 

SPECIFY  RENAME  FOR  TTY  RESULTS-RFNAME.CY. ID-  RRD1.2.MICH0LS 


CATALOG  CYCLE  UAS  a 
RECOIL  TASLES  - RFNAREaCY.ID- 
CT  ID-  NICHOLS  RFN-RRD1 
CT  CV-  —8  —Mia  U^DS.il 


ia  UORDt.iRMTAD.l. NICHOLS 


COST  CENTER -CMAROE  CODE. 

xxx-xxx  • 


3f7  CR  SC  CO—  EXECUTION  TIRE 
PATCH.  JOS.  INPUT.  AD 


COPY  AVAILABLE  TO  POC  DOES  NOT 
PERMIT  FULLY  LEGIBLE  . GODUCTION 


The  following  run  is  necessary  to  retrieve  the  results 
stored  in  RMD1  (cycle  2)  on  the  previous  page.  Note  that  the  first 
line  printed  out  contains  the  value  of  TIR,  as  requested  when  RMD1  was 
initially  created. 


THIS  15  l*AM 

«ODt-  TTY  0*  lATCM  - T^V 

WILL  THIS  M A NCU  AJN,  Vf*  OA  NO  • HO 

uxac  ycrc  «5olt$  stoacd.ptnam.cv.  id- 


im6ita,HlCH0L5 


INPUT  DATA 

.•IMA 


. MlM 


l.MM 


2t)M 

********** 

.2TMA 

IA.3AAM 

. 24MA 

.M7M 

N.NHI 

7CX.7MM 

1KM.AAAM 

.M31A 

MM.MMO 

11. HAM 

.MIA# 

MMA 

.A1AM 

2- AAAM 

.•MM 

1.  MAM 

MNN 

IMA.  MOM 

2.AAAM 

M.AAAM 

I .MAM 

H.AAAM 

f ^ 

5^>  ^ 


AOAX1 

TWA 

m 

mm 

min 

HWNl 

MCU 

iaaa.aama 

Mil 

mo 

IMAM  KiM 

-»IAI  AAlAt 

2AM  AAAM 

MUM 

DACLP 

Ml 

TMCU 

OAC ICO 

•MIC 

#t*o 

■MCA 

4.M4T3 

IIA.U44A 

-AAA2T 

A.7AAM 

AM  A JAM 

AAAM3A 

1 AAAM 

DMCA 

TMAiO 

MtCCO 

AM 

TMKCC 

MKCC 

410 

1. 1MSS 

. If  AM 

A.  MAM 

X.fTAAJ 

INI) 

1IA.IAM) 

AI31AH 

TA# 

UM 

M 

9 

hip 

AfTAtT 

IHOWIT 

3.M1AA 

DAI.  At  AM 

44M.AADM 

fTAAM.AlAM 

mtAt.Aftat 

.AMT* 

•tva.amta 

CM  Of  TTY  NtATl 
STOP  AM 

in  c*  « conn  incur  im  rtm 
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i.  Example  9 illustrates  the  running  of  the  6-D  Trajectory 
Program  (TR).  Here  the  data  base  is  located  in  TRAJFLTR  (cycle  3). 
Also,  a file  containing  6-0  coefficients  (TRDATA,  cycle  1)  must  be 
specified.  Note  that  the  short  format  for  entering  CM  and  T values 
has  been  utilized.  TTY  input  is  shown  below.  Batch  output  is  given 
in  Appendix  K-9. 


THIS  1$  IPSSM 

NODE-  TTY  0*  BATCH  • TTV.  TRS,  3.TRAJFIT* 

TITLE* 

XH  4B3  SPINNER  ALL  DALE  BODY 

RCOucsTcTAPCia.spr > 

REQUEST ( TAPE#, *PF ) 

SO  COEFFICIENTS  - PFNAME.CV.ID> 

EXAMINE  DATA  BASE.  YES  OR  NO  • NO 

MODIFY  DATA.  YES  OR  NO*  NO 


TRDATA, 1, NICHOLS 


INPUT/OUTPUT  OPTION  LIST 
<V>1  N-D)  TTY.DI.TERM.CS  • 


HDD.  I 


COST  CENTER -CHAME  CODE. 

xxx-xxx  • 

STOP  M 

.731  CP  SECONDS  EXECUTION  TIME 
COMMAND-  BATCH. JOD, INPUT, AD 

FILE  NANE-IPSMD8U.  DISP-INPUT  , ID-AD 


81W  ; 


, .SJISW* 
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j.  Example  10  illustrates  the  running  of  the  Sabot  Design 
Program  (SD),  whose  data  base  is  located  in  SPRSD  (cycle  1).  Here  the 
NPR  parameter  (Appendix  8)  is  set  equal  to  3.0,  which  is  the  option  to 
obtain  printer  and  Calcomp  plots.  The  modified  data  are  stored  in 
PLOT  (cycle  5)  so  that  the  graphs  may  be  obtained  again  at  a future 
date,  if  so  desired  (page  55  ).  TTY  input  is  shown  below. 

Batch  output,  together  with  the  Calcomp  plot  obtained,  is  given  in 
Appendix  K-10. 


TNI*  IS  IPSSN 
BOOC-  TTY  OR  BATCH  • 

title- 


TTY.SDS.l.SFRSD 


SABOT  DES1QN  - STB 

REQUEST  iTAREID.BRF) 

REQUEST  < TARES.  «RF> 

EXAMINE  DATA  BASE.  YES  OR  NO  > NO 

MODIFY  DATA.  YES  OR  NO-  YES 

SYN.RLN-  MRR.IRI 

VALUES  • 3.S 

SYN.RLN-  END 

STORE  NOD  DATA.  YES  OR  NO  -YES 

NEU  TITLE  - RR INTER  t CALCOMR  PLOTTING 

WHERE  DO  YOU  WISH  TO  STORE  NOD  DATA-  CY.RFNRME 
OT 


NOD  DATA  STORED-  CV  - S Rf  ■ PLOT 

REQUEST « TARE 1D.BRF ) 

CT  ID-  NICHOLS  RFN-RLOT 

CT  CV-  QOS  QOSSOtlS  WORDS. ■ 


I MRITT'' OUTPUT  OPTION  LIST 
IV-I  N-D>  TTV.DD.TERN.CS  • 


CN.T  -I 


COOT  CENTER  CMRRQE  CODE. 

xxx-xxx  ■ 


.171  CP  SECONDS  paCUT  I ON  TINE 

- patch.  joo7inMTad 

~rnmm  it  -« m;  W 

bmi  rear  ieg:.;  g-toodci  i 


The  following  TTY  run  is  necessary  to  obtain  extra  copies 
of  the  plots  stored  previously  (page  54  ) on  PL0T  (cycle  5). 


THIS  is  IPSSN 

nose-  TTY  OH  DATCM  • TTV, SOS. S. PLOT 

TITLE- 

POINTER  t CALCONP  PLOTTING 

*EGUCST<TAPtia.«Pr> 

REOUtSTC  TAPES,  *Pf ) 

EXAMINE  DATA  BASE,  VES  ON  NO  • YES 

SVN  • NPN 

P • 1 L-  • N • I 
UAUJES  • 3. DM 

SVN  • END 

NODirv  DATA.  VCS  ON  NO*  NO 


INPUT/OUTPUT  OPTION  LIST 
<V-i  N-0 ) TTV.Di.TCTN.CS  • 

CONI  NEQO-  CN.T  « IS— 0,000 


0—1100 


COST  CEMTCT-CHAMOE  0—. 

XXX-XXX  ■ — 700 
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k.  Example  11  shows  the  run  necessary  to  retrieve  the 
error  analysis  stored  in  the  batch  mode  in  ERR0R  (page  60  ). 


22f  WP. 

Ml*’  TTY  II  I 

wu  nut  m * mt  tm,  n»~m  m - m 


mmStar.mwjrsrm 


i 
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1 Example  12  illustrates  the  running  of  the  Heppner  Interior 
Ballistics  Program  (1H).  In  this  case,  the  values  of  peak  pressure 

(PEP)  and  muzzle  velocity  W)  are  examined  a^ws^^Us^^Jie 

Thp  option  to  store  this  modified  data  with  a new  title  is  s 

here.  TTY  input  is  given  below.  Batch  output  is  shown  in  Appen  ix 

JStt-l$TVoTwTCN  - 

TITU- 

lemcv-jNTiKiot  •w.Limc* 

CMMIIIC  OHM  MM.  Vlf  OH  HO  • iH 


fVH  • J5? 

p • t L«  I H • t 

vMjml  • •*•••••• 

vm  • *55. 

p • 1 L«  I H • 1 

UftUXS  •*••••••• 


UPUKt  • < 

•VP  • 09 

NOOirv  OHTA.  Vtf  OH  HO- 

OVH.HU*-  W 

UPUJKfl  • »»<«• 

fvp.ru*-  oo*moi 


OVP.rtP-  09 

front  non  »*t*.  vt*  on  ho  -rt» 
mt  Titu  • cwnwHT  iw 

IIP!  no  VOU  IlIfH  TO  front  HOO  tHTP-  CV, 


Sol? 


cv  • i nr 


conriMt  comm  ynimn 

jTttswir"  T“ 


nu  Hom-irfnoHu,  oifr-mrut  , IM» 


C.  Batch  Examples 


1 . General  Input  Information 

Section  C,  page  21  provides  general  instructions  for  running  IPSSM 
in  the  batch  mode.  The  examples  below  will  show  only  the  batch 
instruction  cards  necessary  to  run  certain  options.  The  complete  set 
of  control  cards  is  given  in  pages  22,23. 

2.  Representative  Batch  Examples 

a.  Example  1 is  the  same  run  illustrated  in  Example  3 of 
the  TTY  runs.  Note  that  the  DATA  card  is  used  to  change  the  key 
variable  CGS  from  3.315  (value  in  data  base)  to  3.50  and  also  to 
delete  one  value  of  WTS.  Batch  output  shown  in  Appendix  K- 12  is 
identical  with  Appendix  K- 3.  Batch  instruction  cards  are  shown  below: 

BATCH, SP5 , 5 ,M106SP 

00001100,120000,115 

DATA 

WTS 

200. 

CGS 

3.5 

END 

b.  Example  2 shows  the  use  of  the  TABLE  card.  This  card 
is  used  to  delete  exterior  ballistic  tables  before  running  the  AR 
program.  In  the  case. below,  Table  12  is  deleted,  since  only  phase  2 
of  the  trajectory  is  to  be  run.  Table  12  is  used  only  if  phase  1 is 
to  be  run.  Appendix  K-13  shows  the  output  for  this  run. 

NPT£.:.  When  rerunning  examples  2c  and  2d  care  should  be  taken 

to  specify  different  permanent  file  names  than  1,M106GRAPH 
and  2.TEST1  and  ERROR, 3 to  avoid  conflict  and  possible 
job  abort. 
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BATCH ,ARb ,5 ,M106AR 

00001100,120000,115 

TABLE 


12 

END 

c.  Example  3 illustrates  the  use  of  setting  up  a data  set 
compatible  with  the  PROMS  graphics  program.  The  WT  program  is  called 
for  with  the  M106  data.  The  graphics  data  set  is  cataloged  as 
M106GRAPH  (cycle  1) . Appendix  K- 14  shows  the  output  for  this  run. 

BATCH ,WT5 , 5 ,M1Q6WT 

00001100,120000,115 

GRAPHICS, 1.M106GRAPH 

d.  Example  4 illustrates  the  use  of  the  DATA,  TABLE,  and 

ERROR  cards  in  the  AR  program.  Modified  data  are  stored  in  TEST1 
(cycle  2).  Table  12  is  also  deleted.  The  ERR0R  card  stores  error 
analysis  results  in  ERROR  (cycle  3)  for  future  teletype  retrieval 
(page  56  ) .Appendix  K- 15  shows  the  batch  output  for  this 

run. 

BATCH ,AR5 , 5 ,M106AR 
01001100,145000,210 
DATA,2 ,TEST1 
VMX.202 
2500.,  2700. 

THD 

30. 

END 

TABLE 
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APPENDIX  A1 

STATIC  PROPERTIES  CALCULATION  PROGRAM  (WT) 
KEY  VARIABLE  INPUT 
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I.  Number  of  Each  Shell  Item: 


SYMBOL 

VALUES  OR  FORMAT 

MEANING 

NBI 

FLO. 4 

Number  of  body  items* 

NOF 

F10.4 

Number  of  fins 

NFP 

FLO. 4 

Number  of  fin  pieces* 

NKI 

F10.4 

Number  of  known  items* 

NOI 

F10.4 

Number  of  ogival  items* 

Control 

for  Program  Options: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

WTC 

0.0 

Do  weight  calculation 

1.0 

Do  not  do  weight  calculation 

DRS 

0.0 

Provide  shell  drawing 

1.0 

Do  not  provide  shell 
drawing 

STC 

0.0 

Do  not  do  stability 
calculation 

1.0 

Do  stability  calculation 

2.0 

Supply  volume  of  entire 
shell  (VOW) 

3.0 

Supply  PIW,  CGW,  TIW 

NAR 

F10.4 

Number  of  additional 
runs 

DDC 

1.0 

Drawing  of  each  change 

COO 

*The  total 

F10.4 

number  of  these  items 

Number  of  copies  of 
output 

should  correspond  to  the  number  of 

cards  following  the  WGTTAB  card  referred  to  on  page  26. 
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on: 


SYMBOL 

VALUES  OR  FORMAT 

MEANING 

PIW 

F10.4 

Polar  moment  of  inertia 

CGW 

F10.4 

Center  of  gravity 

TIW 

F10.4 

Transverse  moment  of 
inertia 

VOW 

F10.4 

Volume 

BDW 

F10.4 

Bore  diameter 

BAD 

F10.4 

Base  diameter 

TEW 

F10.4 

Temperature  (degrees  F) 

TWW 

F10.4 

Twist 

PVM 

F10.4 

Projectile  velocity 

COS 

F10.4 

Copies  of  stability 
output 

66 


APPENDIX  A2 

STATIC  PROPERTIES  CALCULATION  PROGRAM  (WT) 
FORMAT  OF  SHELL  ITEM  INPUTS 
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Body  Item  Card: 


Columns  1-10 
Columns  11-20 
Columns  21-30 
Columns  31-40 
Columns  41-50 

Columns  61-71 


01,  diameter  on  left 

02,  diameter  on  right 
H,  length 

R,  density 

BARX,  distance  from  D1  surface  to 
reference.  If  D1  is  to  the  right  of 
the  reference,  BARX  is  positive. 

Identification 


Column  72  If  blank,  then  this  element  is  not  a 

part  of  the  outer  surface  of  the  shell. 
If  "1",  then  this  element  is  a part  of 
the  outer  surface  of  the  shell. 

Column  72  must  contain  either  a blank 
or  a 1. 


Fin  Item  Card: 


Columns 

1-10 

FD1,  radius  on  left 

Columns 

11-20 

FD2,  radius  on  right 

Columns 

21-30 

FH,  length 

Columns 

31-40 

FR,  density 

Columns 

41-50 

FBARX,  distance  from  FD1  surface  to 
reference 

Columns 

51-60 

FD,  thickness  of  fin 

Columns 

61-71 

Identification 

Column  72 

If  blank,  this  element  is  not  a part 
outer  volume.  If  "1",  this  element 
part  of  the  outer  volume. 
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Known  Item  Card: 

Columns  1-10 

Weight 

Columns  11-20 

Polar  inertia 

l 

Columns  21-30 

Transverse  inertia 

Columns  31-40 

Distance  of  CG  to  reference 

Columns  41-50 

Volume,  if  needed  for  column  72  ' 

Columns  61-71 

Identification 

Column  72 

If  0,  not  outer  volume.  If  "1",  outer 
volume 

Oqlval  Item  Card: 

i 

Columns  1-10 

GA,  see  Reference  1 

Columns  11-20 

GB,  see  Reference  1 

Columns  21-30 

GS,  length  of  ogive 

Columns  31-40 

GRH,  density 

Columns  41-50 

GREP,  distance  to  reference 

Columns  51-60 

GRAD,  radius  of  ogive 

Columns  61-71 

Identification 

Column  72 

If  blank,  no  outer  volume.  If  "L" 
outer  volume 

The  dimension  cards  are  included  only  for  a weight  calculation 
or  a plot.  If  a stability  calculation  orly  Is  required,  there  will 
be  no  dimension  cards. 
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APPENDIX  B 

AEROBALLISTIC  COEFFICIENTS  PROGRAM  (SP) 
KEY  VARIABLE  INPUT 
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Program  Constants 

and  Parameters 

SYMBOL 

VALUE  OR  FORMAT 

MEANING 

PLS 

F10.4 

Projectile  length 
(calibers) 

NLS 

F10.4 

Nose  length  (calibers) 

BLS 

F10.4 

Boattail  length 
(cal ibers) 

CGS 

F10.4 

Distance  of  CG  from 
nose  (calibers) 

DIS 

F10.4 

Diameter  of  shell 
(calibers) 

AMS 

F10.4 

Axial  moment  of  inertia 
(lb-in; 

TMS 

F10.4 

Traverse  moment  of 
inertia  (lb-in2) 

WTS 

F10.4 

Weight  (lb) 

TST 

F10.4 

Twist  (cal iber/ turn) 

BOS 

F10.4 

Boom  length  (calibers) 

Program  Options 

SYMBOL 

VALUE  OR  FORMAT 

MEANING 

STS 

1.0 

Calculate  stability 

0.0 

Do  not  calculate 
stability 

ARS 

1.0 

Punch  AERO  I tables 

0.0 

Do  not  punch  AERO  I 

tables 
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SYMBOL 

VALUE  OR  FORMAT 

MEANING 

SLS 

1.0 

Punch  SAUL  7 tables 

0.0 

Do  not  punch  SAUL  7 
tables 

N6S 

1.0 

Punch  N0L6D  tables 

0.0 

Do  not  punch  N0L6D 
tables 

NGS 

1.0 

Punch  graph  output 

0.0 

Do  not  punch  graph 
output 
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APPENDIX  C 

INTERIOR  BALLISTICS  PROGRAM  (IB) 
KEY  VARIABLE  INPUT 
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SYMBOL 


VALUES  OR  FORMAT 


MEANING 


Oil 

F10.4 

Diameter  of  gun  (inches) 

XLI 

F10.4 

Length  of  projectile 
traveled  (inches) 

VO  I 

F10.4 

Chamber  volume  (cubic 
inches) 

MPI 

F10.4 

Maximum  pressure  (psi) 

PMI 

F10.4 

Projectile  weight  (lb) 

PCI 

F10.4 

Propellant  weight  (lb) 

PKI 

F10.4 

Propellant  type  (code) 

MV  I 

FI0.4 

Muzzle  velocity  (fps) 

NOTE: 

One  of  the  above  values  must  remain  zero  in  order  for 
the  interior  ballistics  to  execute  properly.  The  parameter 
that  is  set  initially  to  zero  is  variable  to  be  calculated. 
Thus,  seven  of  the  above  eight  variables  require  data  input. 
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Phase  Options: 


SYMBOL 

VALUES  OR  FORMAT 

MEANING 

NX1 

1.0 

Compute  Phase  I 

0.0 

Do  not  compute  Phase  I 

NX2 

1.0 

Compute  Phase  II 

0.0 

Do  not  compute  Phase  II 

NX3 

1.0 

Compute  Phase  III 

0.0 

Do  not  compute 
Phase  III 

NX4 

1.0 

Compute  Phase  IV 

0.0 

Do  not  compute  Phase  IV 

Initial 

Conditions  and  Constants: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

THO 

F10.4 

Quadrant  elevation 
(Q.E.)  (degrees) 

VMX 

F10.4 

Initial  velocity 
(ft/sec) 

WGT 

F10.4 

Missile  weight  (lb) 

DIA 

F10.4 

Diameter  (inches)  of 
projectile 

XIN 

F10.4 

Initial  range  (ft) 

YIN 

F10.4 

Initial  altitude  (ft) 

TIN 

F10.4 

Initial  time  (sec) 

TWS 

F10.4 

Effective  gun  twist 
(1/25  use  25.0,  etc.) 
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SYMBOL 

VALUES  OR  FORMAT 

MEANING 

YLA 

F10.4 

Launcher  length  (ft) 

DEL 

F10.4 

Integration  increment 
(sec) 

SDT 

F10.4 

Initial  spin  rate 
(rad/sec) 

YFA 

F10.4 

Terminal  altitude  (ft) 
on  descent  of  trajec- 
tory 

FFA 

F10.4 

Factor  used  for  temper- 
ature variations 

CKD 

F10.4 

Constant  drag  coef- 
ficient(0nly  necessary 
when  KDC=2.0) 

FCT 

F10.4 

Form  factor  for  all 
drag  tables.  This 
value  may  be  left 
blank  when  form  factor 
is  unity. 

BIA 

F10.4 

Sustaining  thrust  (lb) 
in  addition  to  that 
which  is  necessary  to 
overcome  drag.  (Use 
only  when  CAN^l.O) . 

TK1 

F10.4 

Constant  rolling 
moment  (lb-ft)  during 
Phase  I. 

TK2 

F10.4 

Constant  rolling 
moment  (lb-ft)  during 
Phase  II. 

TK3 

F10.4 

Constant  rolling 
moment  (lb-ft)  during 
Phase  III. 
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SYMBOL 


VALUES  OR  FORMAT 


MEANING 


TK4 

III.  Phase  I 
SYMBOL 
NTH 

MXX 


IV.  Phase  I 
SYMBOL 
THR 

DTM 

BWT 


F10.4 

and  III  Options: 

VALUES  OR  FORMAT 

1.0 

2.0 

1.0 

2.0 

Options: 

VALUES  OR  FORMAT 
F10.4 

F10.4 

F10.4 


Constant  rolling 
moment  (lb-ft)  during 
Phase  IV 


MEANING 

Use  variable  thrust 

Use  constant  thrust 

Use  variable  burning 
rate 

Use  constant  burning 
rate 


MEANING 

Constant  thrust  value 
(lb)  for  Phase  I 
(NTH  = 2.0) 

Constant  burning  rate 
(lb-sec)  during  Phase  I 
(MXX  = 2.0) 

Booster  weight  (lb): 
weight  of  metal  parts 
that  are  dropped  off 
immediately  following 
burnout  in  Phase  I. 
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V.  Phase  III  Options: 


SYMBOL 

VALUES  OR  FORMAT 

MEANING 

TH2 

F10.4 

Constant  thrust  value 
(lb)  for  Phase  III 
(NTH  = 2.0) 

DT2 

F10.4 

Constant  burning  rate 
(lb/sec)  during  Phase 
III  (MXX  = 2.0) 

Time  Constants 

for  Each  Phase: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

TM1 

F10.4 

Time  in  seconds  at 
end  of  completion  of 
Phase  I. 

TM2 

F20.4 

Time  in  seconds  at 
end  of  completion  of 
Phase  II. 

TM3 

F10.4 

Time  in  seconds  at 
end  of  completion  of 
Phase  III. 

TM4 

FI  0.4 

Time  in  seconds  at 
end  of  completion  of 
Phase  IV. 

DL1 

F10.4 

Integration  increment 
(sec)  for  Phase  I. 

0L2 

F10.4 

Integration  increment 
(sec)  for  Phase  II. 

0L3 

F10.4 

Integration  increment 
(sec)  for  Phase  III. 

DL4 

F10.4 

Integration  increment 
(sec)  for  Phase  IV. 
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SYMBOL 

VALUES  OR  FORMAT 

MEANING 

DW1 

F10.4 

Printout  interval  (sec) 
for  Phase  I 

DW2 

F10.4 

Printout  interval  (sec) 
for  Phase  II 

DW3 

F10.4 

Printout  interval  (sec) 
for  Phase  III 

DW4 

F10.4 

Printout  interval  (sec) 
for  Phase  IV 

Program  Options: 

SYMBOL 

VALUES' OR  FORMAT 

MEANING 

KDC 

1.0 

Use  variable  drag 
coefficients 

2.0 

Use  constant  drag 
coefficients 

KTH 

1.0 

Input  magnus  force 
and  magnus  center  of 
pressure  coefficients 

2.0 

Input  magnus  moment 
coefficients 

NUN 

1.0 

Output  given  in  feet 

2.0 

Output  given  in  meters 

JZN 

F5.1 

Number  of  trajectories 
to  be  computed 

NJR 

F5.1 

Number  identifying 

first  trajectory  run 
in  the  set  specified 
by  JZN 
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VIII 


SYMBOL 

VALUES  OR  FORMAT 

MEANING 

ISP 

0.0 

Compute  spin  and 
stability  calculation 

1.0 

Perform  only  spin 
calculations 

2.0 

Omit  spin  and  stability 
inputs  (Tables  I thru 
II) 

I AX 

F5.1 

Frequency  of  stability 
calculations  in  terms 
of  printout  (Example  - 
if  it  is  desired  to  have 
stability  calculations 
every  third  printout, 
set  I AX  equal  to  3.0) 

NOR 

XX. X 

Number  of  time  points 
entered  in  the  "G- 
Norm”  Table 

NAT 

F5.1 

Number  of  nonstandard 
altitudes,  temperatures 
and  densities  to  be 
entered  (NAT  is  set 
equal  0.0  if  1959  ARDC 
standard  atmosphere 
is  to  be  used) 

CAN 

1.0 

Cancel  drag 

2.0 

Do  not  cancel  drag 

. Constant 

Factors  for  Table  Changes: 

• 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

T12 

0.0  or  1.0 
F10.4 

No  change  to  Table  12 
Multiply  all  dependent 
variable  values  by  the 

given  constant 
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SYMBOL 

VALUES  OR  FORMAT 

MEANING 

T13 

0.0  or  1.0 
F10.4 

No  change  to  Table  13 
Multiply  all  dependent 
variable  values  by  the 
given  constant 

Symbols  TI4  through  T18  perform  the  same  function  for 
Tables  14  through  18,  respectively,  as  T12  and  T13 
described  above. 

factors  Used  in 

Error  Analysis  (See  Exampl 

e 4) : 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

13P 

X.XXX 

Nominal  variation  factor 
for  Drag  Table  13 

THP 

XX. XXX 

Nominal  variation  factor 
for  the  Thrust  (THD) 

VMP 

XXX. XX 

Nominal  variation  factor 
for  the  Initial  Velocity 
( VMX ) 

13D 

X.XXX 

Standard  deviation 
factor  for  Drag  Table 
13 

TSD 

XX. XXX 

Standard  deviation 
factor  for  the  Thrust 
(THD) 

VSD 

XXX. XX 

Standard  deviation 
factor  for  the  Initial 
Velocity  (VMX) 
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Constants  Used 

to  Plot  Trajectory  Output: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

NSY 

33.0  = 

Code  numbers  defining 
symbol  to  be  plotted 

54.0  = 

at  data  points.  For 
a complete  listing. 

12.0  = 

see  Reference  6. 

16.0  = 

14.0  = 

NPL 

1.0 

Plot  trajectory 

0.0 

Do  not  plot  trajectory 

DXG 

XX. X 

Number  of  Range  Units 
(feet  or  meters)  per 
inch  on  the  X-axis  of 
the  graph 

DYG 

XX. X 

Number  of  Altitude 
Units  on  the  Y-axis 
of  the  graph 
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APPENDIX  D2 

EXTERIOR  BALLISTICS  PROGRAM  (AR) 
LIST  OF  TABLES 
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TABLE  NUMBER 


MEANING 


1 Roll  damping  coefficients  vs.  mach  no. 

2 Roll  moment  coefficients  vs.  mach  no. 


3 Normal  force  coefficients  vs.  mach  no. 

(Omit  when  ISP  = 1.  or  2.) 

4 Normal  centers  of  pressure  (calibers 

from  nose)  vs.  mach  no.  (Omit  when  ISP 
= 1.  or  2. ) 

5 Magnus  moment  coefficients  vs.  mach  no. 

(Omit  when  either  ISP  = 1.  or  when 

KTH  = 1.) 

6 Magnus  force  coefficient  vs.  mach  no. 

(Omit  when  either  ISP  = 1.  or  when 
KTH  = 2.) 

7 Magnus  centers  of  pressure  (calibers 

from  nose)  vs.  mach  no.  (Omit  when 
either  ISP  = 1.  or  when  KTH  = 2.) 

8 YAW  damping  moment  coefficients  vs. 

mach  no.  (Omit  when  ISP  = 1.) 

9 Centers  of  gravity  (calibers  from  nose) 

vs.  time.  (Omit  when  ISP  =1.) 

2 

10  Transverse  moment  of  inertia  (Ib-ft  ) 

vs.  time.  (Omit  when  ISP  =1.) 

2 

11  Axial  moment  of  inertia  (lb-ft  ) vs. 

time. 


12  Drag  coefficients  vs.  mach.  no.  for 

Phase  I.  (Omit  when  either  NX1  = 0. 
or  when  KDC  =2.) 

13  Drag  coefficients  vs.  mach  no.  for 

Phases  II  and  IV.  (Omit  when  either 
NX2  = 0.  and  NX4  = 0.  or  when  KDC  = 
2.) 
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TABLE  NUMBER 


MEANING 


14 

Drag  coefficients  vs.  mach  no.  for 
Phase  III.  (Omit  when  either  NX3  = 
0.  or  KDC  = 2.) 

15 

Thrust  (lb)  vs.  time  for  Phase  I. 
(Omit  when  either  NX1  = 0.  or  NTH  = 

16 

Missile  weight  (lb)  vs.  time  for 
Phase  I.  (Omit  when  either  NX1  = 
0.  or  MXX  = 2.) 

17 

Thrust  (lb)  vs.  time  for  Phase  III. 
(Omit  when  either  NX3  = 0.  or  NTH  = 

18 

Missile  weight  (lb)  vs.  time  for 
Phase  III.  (Omit  when  either  NX3  = 
0.  or  MXX  = 2. ) 

19 

Altitude  (ft)  vs.  temperature  in 
degrees  Rankine  (Omit  when  NAT  = 0.) 

20 

Altitude  (ft)  vs.  density  (lb-sec?/ 
ft1*). 

21 

Normal  acceleration  in  "g's"  vs. 
time  (Omit  if  NOR  = 0. ) 

NOTE:  The  same  increments  in  altitude  must  be  used  in  Tables  19  and  20. 
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APPENDIX  E 

TERMINAL  EFFECTIVENESS  PROGRAM  (LA) 
KEY  VARIABLE  INPUT 
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I.  Terminal  Conditions  and  Constants: 


SYMBOL 

VALUES  OR  FORMAT 

MEANING 

PHB 

F10.4 

Burst  height  (feet) 

AOF 

F10.4 

Angle  of  fall  (degrees) 

TVM 

F10.4 

Terminal  velocity  (ft/sec) 

COR 

F10.4 

Scale  factor  to  correct  for 
total  fragment  weight  (set  to 
0.0  if  no  factor  is  to  be  used.) 

NOZ 

F10.4 

Number  of  fragmentation  zones 

Lethal 

Area  Computation  Options: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

TRP 

O.J 

Use  Simpson's  Rule  Integration. 

1.0 

Use  Trapezoidal  Rule 

NQA 

3.0 

Compute  lethal  areas  for  fox- 
hole and  prone  targets  only. 

2.0 

Compute  lethal  areas  for  stand- 
ing, foxhole,  and  prone  targets 
only 

1.0 

Compute  lethal  areas  for  stand- 
ing, foxhole,  prone  and  the  six- 
point  standing  target 

SKP 

1.0 

Lethal  areas  are  computed  as 
defined  by  NQA  stated  above 

2.0 

If  NQA  = 1.0,  compute  standing 
target  lethal  area  only;  if  NQA 
= 2.0,  compute  six-point  standing 
target  lethal  area  only 
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III.  Lethal  Area  Cut-Off  Options: 


SYMBOL 

VALUES  OR  FORMAT 

MEANING 

BET 

F10.4 

Cutoff  angle  (degrees) 

COP 

1.0 

Use  constant  cutoff  velocity 
(CVL) 

2.0 

Compute  cutoff  velocity  for 
each  weight  group  using  con- 
stant shape  factor  (CKQ) 

3.0 

Compute  cutoff  velocity  for 
each  weight  group  using  con- 
stant A/M  value  (AQM) 

CVL 

F10.4 

Constant  cutoff  velocity 

0.0 

No  cutoff  mass  used 

RMC 

F10.4 

Constant  mass  cutoff  (used 
if  nonzero  value  is  entered) 

Fraqment 

Blast  Option: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

BLT 

0.0 

Blast  effects  are  not  included 

i.O 

Use  blast  radii 

RBI 

F10.4 

First  blast  radius 

RB2 

F10.4 

Second  blast  radius  (RB2 
must  be  greater  than  RBI) 

Fraqment  Draq  Options: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

CCK 

0.0 

Compute  shape  factor  given 
C12  and  AMB 

1.0 

Use  shape  factor  (CKQ) 
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CKQ 

F10.4 

Shape  factor 

C12 

F10.4 

Constant  to  determine  shape 
factor 

AMB 

F10.4 

Average  value  of  A/M 

NCD 

F10.4 

Number  of  values  in  drag  vs. 
velocity  table  (must  be  equal 
to  or  greater  than  two) 

Casualty  Criteria  Options: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

ABC 

0.0 

Use  casualty  index  value 

. 1.0 

Enter  AXC,  BXC,  CXC  values 

NCC 

XX.  X 

Casualty  criteria  index 

AXC 

F10.4 

Casualty  criteria  constant 

BXC 

F10.4 

Casualty  criteria  constant 

CXC 

F10.4 

Casualty  criteria  constant 

Print  and 

Punch  Options: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

IOU 

0.0 

Do  not  print  zone  data  output 

1.0 

Print  zone  data  output 

NOL 

1.0 

Print  PK  arcs  vs.  range  (If 
matrix  is  to  be  generated  CLS 
must  also  be  equal  to  1.0) 

2.0 

Do  not  print 

CLS 

0.0 

Do  not  print 

1.0 

Print  PK  arcs  vs.  range  if 
matrix  is  to  be  generated 
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NT7 

1.0 

Print  and  Punch  avg  PK  vs. 
range 

2.0 

Do  not  print  or  punch 

3.0 

Print  avg  PK  vs.  range 

Matrix  Options: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

MAT 

0.0 

Do  not  compute  matrix 

1.0 

Compute  matrix 

NDG 

F10.4 

Number  of  cells  in  deflection 

NRG 

F10.4 

Number  of  cells  in  range 

RAD 

1.0 

Use  cell  size  in  range  and 
deflection  and  matrix  center 
(RAM,  DAM  and  CNT) 

2.0 

Compute  cell  size  based  on 
maximum  effective  range 

3.0 

Use  cell  size  in  range  and 
deflection  directions.  RAX, 
DAY,  DAX  number  of  cells  based 
upon  maximum  range. 

DAM 

F10.4 

Cell  size  in  deflection 
Used  with  RAD  = 1.0 

RAM 

F10.4 

Cell  size  in  range 
Used  when  RAD  = 1.0 

CNT 

F10.4 

Center  of  matrix 
Used  when  RAD  = 1.0 

DAY 

F10.4 

Cell  size  in  deflection 
Used  when  RAD  = 3.0 

RAX 

F10.4 

Cell  size  in  range 

Used  when  RAD  = 3.0 
98 


MCT 

0.0 

Insures  at  least  two  arcs 
cutting  each  cell  of  prob- 
ability of  kill  matrix 

F10.4 

Specifies  given  number  of  cuts 
in  each  cell  of  matrix 

OSK 

0.0 

Do  not  punch  matrix  cards 

1.0 

Punch  matrix  cards 

Target  Posture 

for  Matrix: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

IN2 

0.0 

Do  not  compute  matrix  for 
0R0  foxhole 

. 1.0 

Compute  matrix  for  0R0  foxhole 

IN4 

0.0 

Do  not  compute  matrix  for 
BRL  prone 

1.0 

Compute  matrix  for  BRL  prone 

IN7 

0.0 

Do  not  compute  matrix  for 
one-point  standing  target 

1.0 

Compute  matrix  for  one-point 
standing  target 

IN8 

0.0 

Do  not  compute  matrix  for 
six-point  standing  target 

1.0 

Compute  matrix  for  six-point 
standing  target 

NOTE:  Only  one  of  the  above  postures  may  be  selected  for  any  given 
computer  run. 
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APPENDIX  F 

6-D  TRAJECTORY  PROGRAM  (TR) 
KEY  VARIABLE  INPUT 
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T 


I.  Control  Parameters: 


SYMBOL 

VALUES  OR  FORMAT 

MEANING 

NER 

1.0 

Flat  earth. 

2.0 

Spherical  earth. 

ROT 

1.0 

Rotating  earth. 

2.0 

No  earth  rotation. 

NWD 

1.0 

Include  wind  tables. 

2.0 

Do  not  include  wind  tables. 

NKC 

1.0 

Use  "k"  coefficients. 

. 2.0 

Use  "c"  coefficients. 

NIR 

1.0 

Include  atmosphere  table. 

2.0 

Use  standard  atmosphere. 

MAL 

1.0 

Use  cutoff  at  max.  alt. 

2.0 

Use  no  cutoff  at  max.  alt. 

NKS 

1.0 

Print  coefficient  tables. 

2.0 

Do  not  print  coefficient  tables. 

KFC 

1.0 

Include  magnus  (force)  co- 
efficients as  input. 

2.0 

Do  not  include  magnus  co- 
efficients as  input. 

KPC 

1.0 

Include  roll  moment  coefficients. 

2.0 

Do  not  include  roll  moment 
coefficients. 

KZC 

1.0 

Include  (yaw)  roll  damping 
coefficients. 

103 


I 


2.0 

Do  not  include  (yaw)  roll 
damping  coefficients. 

KCM 

1.0 

Include  magnus  force  C.P. 

2.0 

Do  not  include  magnus  force  C.P. 

NTV 

0.0 

Use  table  of  thrust  vs.  time 

1.0 

Use  table  of  thrust  vs.  altitude. 

KTP 

1.0 

Punch  card  output  for  PMTASS  input. 

0.0 

Do  not  punch  card  output. 

KON 

0.0 

Assume  KFC  input  to  be  based 
on  it/ is 

• 1.0 

Assume  KFC  input  to  be  based 
on  n/8. 

KMR 

0.0 

Print  output  in  feet. 

1.0 

Print  output  in  meters. 

KSP 

1.0 

For  three-way  table  lookup  of 
KFC  and  CPF.  KFC  and  CPF  will 
now  be  a function  of  mach  no., 
angle  of  attack,  and  spin. 

0.0 

For  two-way  table  lookup  of 
KFC  and  CPF. 

NT  A 

24.0 

Number  of  entries  in  atmosphere 
table.  Default  value  is  24.0. 

NIW 

40.0 

Number  of  entries  in  wind  table. 
Default  value  is  40.0. 

NAX 

F10.4 

Max.  number  of  angle  of  attack 
arguments  in  coefficients. 

NMX 

F10.4 

Max.  number  of  mach  number 
arguments. 
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NUR 

F10.4 

Number  of  trajectories  to  be 
computed  using  same  control 
parameters,  atmosphere,  thrust, 
wind,  and  ballistic  coefficients 

NRU 

F10.4 

Starting  number  of  trajectories 
indicated  by  NUR  above. 

NNW 

F10.4 

Number  of  range  values  in  wind 
tables  (max.  40).  NOTE:  40 

altitudes  must  be  given  for 
each  range  value. 

NSP 

F10.4 

Max.  number  of  spin  variables 
to  be  supplied  when  KSP=1.0. 

DMA 

F10.4 

Max.  time  interval  (DLT  max.). 

• 0.0 

Set  DLT  min.  = 0.00005. 

DMI 

F10.4 

Min.  time  interval  (DLT  min.). 

0.0 

Set  DLT  min.  = 0.5. 

Phase  Options: 
SYMBOL 

VALUES  OR  FORMAT 

MEANING 

NIX 

0.0 

Do  not  compute  Phase  I. 

1.0 

Compute  Phase  I. 

N2X 

0.0 

Do  not  compute  Phase  II. 

1.0 

Compute  Phase  II. 

N3X 

0.0 

Do  not  compute  Phase  III. 

1.0 

Compute  Phase  III. 

N4X 

0.0 

Do  not  compute  Phase  IV. 

1.0 

Compute  Phase  IV. 

N5X 

0.0 

Do  not  compute  Phase  V. 

1.0 

Compute  Phase  V. 
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N6X 

0.0 

Do  not  compute  Phase  VI. 

1.0 

Compute  Phase  VI. 

N7X 

0.0 

Do  not  compute  Phase  VII. 

1.0 

Compute  Phase  VII. 

Initial 

Conditions: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

ANA 

F10.4 

Longitude  (degrees). 

ANB 

F10.4 

Latitude  (degrees). 

AZI 

F10.4 

Azimuthal  heading  (degrees). 

QEL 

F10.4 

Angle  of  elevation  (degrees). 

XOT 

F10.4 

Initial  displacement  (feet 
or  meters). 

YOT 

F10.4 

Initial  altitude  (feet  or 
meters ) . 

TAS 

F10.4 

Time  at  start  (seconds). 

AKN 

F10.4 

Multiplies  air  densities  by 
this  factor  (0.0  is  read  as  1.0) 

DTR 

F10.4 

Diameter  (inches). 

WTR 

F10.4 

Weight  (pounds). 

VXP 

F10.4 

Vx  feet  per  second. 

VYP 

F10.4 

Vy  feet  per  second. 

VZP 

F10.4 

V^  feet  per  second. 

SPT 

F10.4 

Missile  spin  rate  (rad/sec). 

WYP 

F10.4 

Pitch  rite  (rad/sec). 

WZP 

F10.4 

Yaw  rate  (rad/sec). 
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CIX 

F10.4 

Booster  initial  lx  (axial 
moment,  Ib-sq  in). 

CIV 

F10.4 

Booster  initial  Iy  (transverse 
moment,  lb-sq  in). 

XCG 

F10.4 

Booster  initial  center  of 
gravity  from  nose  (inches). 

PUB 

F10.4 

Booster  specific  impulse 
(lb-sec/lb  fuel ) . 

WDT 

F10.4 

Booster  burning  rate  (lb-fuel/ 
sec) . 

CX2 

F10.4 

Booster  final  Iv  (axial  moment 
lb-sq  in). 

CY2 

• F10.4 

Booster  final  Iy  (transverse 
moment,  lb-sq  in). 

CG2 

F10.4 

Booster  final  center  of  gravity 
(inches) . 

ANO 

F10.4 

Booster  nozzle  diameter  (inches). 

AMA 

F10.4 

Booster  mal.  angle,  ^ (degrees). 

TMA 

F10.4 

Booster  mal.  angle,  y (degrees). 

RXT 

F10.4 

Booster  mal.  distance,  Rx  (inches) 

RYT 

F10.4 

Booster  mal.  distance,  Ry  (inches) 

RZT 

F10.4 

Booster  mal.  distance,  R^  (inches) 

TKA 

F10.4 

Booster  jet  torque  moment  (inches) 

TMD 

F10.4 

Booster  thrust  modifier. 

CXS 

/' 

4 

F10.4 

Main  stage  initial  lx  (lb-sq  in). 

CYS 

F10.4 

Main  stage  initial  Iy  (lb-sq  in). 

CGM 

F10.4 

Main  stage  initial  center  of 
gravity  (inches). 
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PUS 

F10.4 

Main  stage  specific  impulse 
(lb-sec/lb). 

WRS 

F10.4 

Main  stage  burning  rate  (lb/sec). 

CX6 

F10.4 

Main  stage  final  1/  (lb-sq  in). 

CY6 

F10.4 

Main  stage  final  Iy  (lb-sq  in). 

CG6 

F10.4 

Main  stage  final  center  of 
gravity  (inches). 

005 

F10.4 

Main  stage  nozzle  diameter 
( inches) . 

AL5 

FI0.4 

Main  stage  mal.  angle,  /\  (degrees). 

TL5 

F10.4 

Main  stage  mal.  angle,  j (degrees). 

RX5 

' F10.4 

Main  stage  mal.  distance,  Rx 
(degrees). 

RY5 

F10.4 

Main  stage  mal.  distance,  Ry 
( inches) . 

RZ5 

F10.4 

Main  stage  mal.  distance,  Rz 
(inches). 

TK5 

F10.4 

Main  stage  jet  torque  arm  (inches). 

TM5 

F10.4 

Main  stage  thrust  modifier. 

Til 

F10.4 

Time  at  end  of  Phase  I (seconds). 

TI2 

F10.4 

Time  at  end  of  Phase  II  (seconds). 

TI3 

F10.4 

Time  at  end  of  Phase  III  (seconds). 

TI4 

F10.4 

Time  at  end  of  Phase  IV  (seconds). 

TI5 

F10.4 

Time  at  end  of  Phase  V (seconds). 

TI6 

F10.4 

Time  at  end  of  Phase  VI  (seconds). 

WT5 

F10.4 

Initial  main  stage  weight  (pounds). 
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BRB 

F10.4 

FF1 

F10.4 

FF2 

F10.4 

FF3 

F10.4 

FF4 

F10.4 

FF5 

F10.4 

FF6 

. F10.4 

FF7 

F10.4 

ST5 

F10.4 

Integration  and 

Print  Options: 

SYMBOL 

VALUES  OR  FORMAT 

Dll 

F10.4 

DI2 

F10.4 

DI3 

F10.4 

DI4 

F10.4 

DI5 

F10.4 

DI6 

F10.4 

DI7 

F10.4 
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Burning  rate  at  separation 
(lb/sec). 

Phase  I form  factor  drag. 

Phase  II  form  factor  drag. 

Phase  III  form  factor  drag. 
Phase  IV  form  factor  drag. 

Phase  V form  factor  drag. 

Phase  VI  form  factor  drag. 

Phase  VII  form  factor  drag. 
Separation  thrust  (pounds). 

MEANING 

Phase  I integration  step  size 
(seconds) . 

Phase  II  integration  step  size 
(seconds). 

Phase  III  integration  step  size 
(seconds) . 

Phase  IV  integration  step  size 
(seconds) . 

Phase  V integration  step  size 
(seconds) . 

Phase  VI  integration  step  size 
(seconds). 

Phase  VII  integration  step  size 
(seconds) . 
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DAZ 

F10.4 

Diameter  (in.)  of  second  stage. 
If  left  blank  will  be  assumed= 
DTR 

0S1 

F10.4 

Phase 

I output  spacing  (seconds). 

DS2 

F10.4 

Phase 

II  output  spacing  (seconds). 

DS3 

F10.4 

Phase 

Ill  output  spacing  (seconds). 

DS4 

F10.4 

Phase 

IV  output  spacing  (seconds). 

DS5 

F10.4 

Phase 

V output  spacing  (seconds). 

DS6 

F10.4 

Phase 

VI  output  spacing  (seconds). 

DS7 

F10.4 

Phase 

VII  output  spacing  (seconds). 

SPZ 

F10.4 

Spin  rate  of  second  stage.  If 
left  blank,  SPT  will  be  assumed 
to  be  that  which  existed  at  end 
of  last  phase. 

Constants 

and  Parameters: 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

PRS 

F10.4 

Static  test  atmospheric  pressure 
(Ib/sq  in). 

VWX 

F10.4 

Constant  range  wind  (feet/sec). 

VWY 

F10.4 

Constant  cross-range  wind  (feet/sec) 

VWZ 

F10.4 

Constant  vertical  wind  (feet/sec). 

IYO 

F10.4 

Initial  deflection  (feet). 

TZF 

F10.4 

Terminal  altitude  (feet). 

COD 

F10.4 

CODE  (three  numeric  characters  to 
identify  job  - are  printed  out). 

no 


■ APPENDIX  G 

RECOIL  MECHANISM  DESIGN  PROGRAM  (RM) 
KEY  VARIABLE  INPUT 
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I . Program  Options: 


SYMBOL 

VALUES  OR 

FORMAT 

MEANING 

XND 

0.0 

Run  next  set  of  input  data 

1.0 

Do  not  run  next  set  of  input 
data 

PRT 

0.0 

Print  auxiliary  output  data 

1.0 

Do  not  print  auxiliary  output 
data 

ISM 

0.0 

Switch  to  bypass  namelist 

Constants 

and  Parameters 

; 

SYMBOL 

VALUES  OR 

FORMAT 

MEANING 

TIR 

F10.4 

Rise-fall  time  of  rod  pull 
curve  (sec  ) 

RH1 

F10.4 

Density  of  primary  material  - 
steel  (lb/in.2) 

SIG 

F10.4 

Allowable  stress  in  primary 
material  (lb/ in.2) 

RH2 

F10.4 

Density  of  secondary  material  - 
bronze  (lb/ in.3) 

XMR 

F10.4 

Mass  of  recoiling  parts- 
initially  the  mass  of  gun 
tube  and  components  (in-slug). 

XMP 

F10.4 

Mass  of  projectile  (in-slug). 

XMC 

F10.4 

Mass  of  propelling  charge 
(in-slug) 

RSR 

F10.4 

Design  recoil  length-short  (in.) 

RLR 

F10.4 

Design  recoil  length-long  (in.) 

XIR 

F10.4 
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Net  impulse  imparted  (lb-sec) 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

VOR 

F10.4 

Projectile  muzzle  velocity 
(in. /sec) 

ALP 

F10.4 

Time  to  centroid  of  breech 
force  (sec) 

PMX 

F10.4 

Design  fluid  pressure-recoil 
( 1 b/ in . 2 ) 

DGT 

F10.4 

Diameter  of  gun  tube  at  breech 
(in.) 

DR1 

F10.4 

Allowable  expansion  (recoil) 

DR2 

F10.4 

Allowable  expansion  (C  <. 
recoil  inner) 

DR3 

FIT).  4 

Allowable  expansion  (C  < 
recoil  outer) 

DLM 

F10.4 

Allowable  deflection  (breech 
ring) 

XNR 

F10.4 

Number  of  recoil  cylinders 

CDR 

F10.4 

Discharge  coefficient  for  recoil 

SCI 

F10.4 

Stress  concentration  for 
threaded  members 

SC2 

F10.4 

Stress  concentration  for 
grooves  and  thread  reliefs 

OVS 

F10.4 

Allowable  difference  in  size 
between  recoil  and  C < recoil 

OLP 

F10.4 

Increment  of  design  fluid 
pressure  (lb/in.2) 

CLR 

F10.4 

Clearance  between  gun  tubes 
and  cylinders  (in.) 

TRU 

F10.4 

Height  from  floor  to  trunnions 
(in.) 

SYMBOL 

VALUES  OR  FORMAT 

MEANING 

BAL 

F10.4 

Thickness  of  rotor  for  ballistic 
protection  (in.) 

CMT 

F10.4 

Distance  from  front  (muzzle 
end)  of  breech  to  gun  tube 
center  of  gravity  (in.) 

ROF 

F10.4 

Distance  from  floor  to  roof 
in  cab  (in.) 

PGS 

F10.4 

Starting  value  of  maximum 
gas  pressure  (lb/ in.2) 
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APPENDIX  H 

SABOT  DESIGN  PROGRAM  (SD) 
KEY  VARIABLE  INPUT 
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I . Program  Options: 


II. 


SYM80L 

VALUES  OR  FORMAT 

SOC 

0.0 

1.0 

GFC 

0.0 

1.0 

NPR 

1.0 

2.0 

3.0 

Constants 

and  Parameters 

SYMBOL 

VALUES  OR  FORMAT 

PKP 

F10.4 

PFW 

F10.4 

KK1 

F10.4 

CCF 

F10.4 

NNS 

F10.4 

WOB 

F10.4 

FRB 

F10.4 

FRL 

F10.4 

LFR 

F10.4 

RVB 

F10.4 

FVH 

F10.4 

MEANING 

Segments  of  sabot  are  open 
Segments  of  sabot  are  closed 
Rear  geometry  is  cylinder 
Rear  geometry  is  frustrum 
Printer  plotting 
CALCOMP  plotting 
Printer  and  CALCOMP  plotting 

MEANING 

Peak  pressure  (PSI) 
Projectile-flechette  weight 

(lb) 

Percentage  head  friction 

Percentage  rear  strut  friction 

Number  of  sabot  segments 

Weight  of  obturator  (lb) 

Major  frustrum  radius  (in.) 

Minor  frustrum  radius  (in.) 

Length  of  frustrum  (in.) 

Volume  of  rear  section  - 
0.0  is  meaningless  (in.3) 

Volume  of  sabot  head  (in.3) 
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SPS 

F10.4 

THK 

F10.4 

PFD 

F10.4 

MBD 

F10.4 

Sabot  material  density  (lb/in?) 

Thickness  of  rear  strut  (in.) 

Diameter  of  projectile  (in.) 

Mean  diameter  between  lands 
and  grooves  of  bore  (in.) 
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I . Program  Options: 


SYMBOL 

VALUES  OR  FORMAT 

ICK 

F10.4 

I PL 

1.0 

2.0 

3.0 

RNS 

F10.4 

ZLI 

F10.4 

Constants  and 

Parameters : 

SYMBOL 

VALUES  OR  FORMAT 

PEP 

F10.1 

VOM 

F10.1 

CHV 

F8.3 

CSA 

F8.3 

WTG 

F8.2 

DST 

F8.3 

PWT 

F8.3 

SER 

F8.4 

INP 

F8.3 

AFQ 

F8.6 

AFR 

F8.6 

MEANING 

Plotting  parameter  for  sub- 
routine SYMB0L  (angle  at  which 
text  is  to  be  printed  - see 
Reference  11). 

Printout  only 

Plot  only 

Printout  and  plot 

Number  of  runs 

Number  of  lines  between  typeout. 
MEANING 

Peak  pressure  (PSI) 

Muzzle  velocity  (ft/ in2) 

Chamber  volume  (in3) 

Cross-section  of  bore  (in2) 

Weight  of  gun  and  recoiling 
parts  (lb) 

Distance  travelled  along  tube  (in.) 
Projectile  weight  (lb) 

Specific  energy  ratio 
Initial  pressure  (PSI) 

Adjustment  factor  for  Q 
Adjustment  factor  for  R 
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PRF 

F8.3 

Pressure  factor 

TP1 

F10.4 

Type  of  propellant 

CW1 

F10.4 

Weight  (lb) 

WB1 

F10.4 

Web  (in.) 

TP2 

F10.4 

Type  of  propellant 

CW2 

F10.4 

Weight  (lb) 

WB2 

F10.4 

Web  (in.) 

TP3 

F10.4 

Type  of  propellant 

CW3 

F10.4 

Weight  (lb) 

WB3 

F10.4 

Web  (in.) 

TP4 

F10.4 

Type  of  propellant 

CW4 

F10.4 

Web  (in.) 

WB4 

F10.4 

Web  (in. ) 
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Unabbreviated  Output  at  the  Teletype 


Normal  usage  of  IPSSM  at  the  teletype  involves  batching  the  job  to 
a central  computer  site,  where  the  full  output  can  later  be  retrieved, 
and/or  asking  for  an  abbreviated  set  of  results  to  be  recallable  at 
the  same  teletype  terminal.  At  Picatinny  Arsenal  a routine  DISPLAYOUTPUT 
is  available  to  allow  the  full  unabbreviated  output  of  an  IPSSM  run 
to  be  examined  at  the  teletype.  Specific  instructions  follow. 

Before  typing  IPSM  at  the  start  of  the  teletype  run,  enter: 

ATTACH, DISPLAY, DISPLAYOUTPUT, CY=1,ID=MISDSEAD. 

Then  proceed  normally,  but  when  ready  to  batch  your  program,  enter: 
BATCH, JOB, INPUT, HERE. 

A name  will  then  be  assigned  to  your  job;  wait  until  the  job  has 
executed  and  is  in  the  output  queue,  then  enter: 

BATCH, (JOBNAME), LOCAL 

DISPLAY, (JOBNAME) 

The  system  response  will  be 
PAGE  NUMBER  = 1 TOTAL  PAGES  OF  OUTPUT  = N 
PAGE  NUMBER  = — (RIGHT  JUSTIFIED) 

The  page  number  to  be  examined  is  now  entered  in  right- justified 
format  ( i . e. , the  third  page  would  be  designated  as  003). 

Upon  completion  of  examination  at  the  teletype  terminal,  PAGE  999 
is  entered  to  terminate  this  routine.  You  may  then  logout  or  use  the 
DISPOSE  facility  to  send  a permanent  record  of  the  unabbreviated 
results  to  batch  terminal.  To  dispose  your  output  to  a specific 
terminal,  enter  the  following  statement: 

DISPOSE, OUTPUT, (TERMINAL  CODE) 
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